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Abstract 

Given the complexity of environmental challenges our planet faces in the 21st century, the current 
approach to the built environment is not sustainable. Although the concepts of sustainability, 
adaptability, and resilience are becoming more prevalent in fields associated with the built 
environment, infrastructure is still being designed and developed in an insular fashion that results 
in ecological and community fragmentation. The objectives of the research in the submitted 
publications have been twofold: firstly, to provide a new paradigm in the approach to the design 
and development of the built environment that preserves existing natural resources, reduces the 
existing built footprint on the natural environment, mitigates ecological and social fragmentation, 
and prevents further irresponsible patterns of development; secondly, to provide the discipline of 
architecture a new relevancy in response to the complex environmental and social problems our 
planet faces in the near and distant future. The work advocates a model that expands architecture’s 
focus from merely focusing on form-making and signature design toward one that examines how 
design can integrate ecological processes inherent in the site and how such processes are linked to 
various scales in urban, community, and regional landscapes. The themes also promote a 
sustainability model where the physical environment is the catalyst for social and economic 
sustainability. A major objective of the research and publication process was to combine the 
individual papers into a comprehensive book that could be used to promote the new environmental-
architecture paradigm. Although the book was primarily intended to be used as a scholastic tool in 
undergraduate design programs, it was also intended to be accessible for practitioners in the built 
environment, policy makers, or for the general populace interested in sustaining and repairing the 
planet.     
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Introduction & Research Imperative 
 
At this point in history, scientists overwhelmingly agree that global climate change is the result of 
anthropogenic activities that increase carbon dioxide levels and consume natural resources. Given 
the fact that irresponsible building and development practices are a primary culprit to our planet’s 
declining health and that nearly seventy percent of global greenhouse gas emissions come from 
infrastructure construction and operation1, disciplines associated with the built environment such 
as architecture, landscape architecture, and urban design must adopt a new paradigm that 
prioritizes the needs of the earth and its natural processes over form making and engineering 
conquest toward a more ecologically sensitive approach that fosters sustainable and holistic 
solutions at community, regional, and global scales. Thinking of the entire urban and natural 
landscape as an ecosystem and understanding the flows of energy, water, food, waste, materials, 
and biodiversity between different elements in said ecosystem, therefore, becomes paramount to 
reconcile built-natural conflicts and irresponsible patterns of development.  
 
A review of the existing literature at the onset of the research revealed gaps in the body of 
knowledge necessary to both ameliorate the planet and to keep the discipline of architecture 
relevant to embrace the imminent set of challenges facing society today and in the near and distant 
future. Topics centered on sustainability seemed to be segregated and were not presented as a 
cohesive genre to effectively foster a “sustainable architecture” of the future. The insular approach 
to design and development in the field—also discussed in the Defining the Problem & Research 
Questions section below—was also evident in the existing literature where building architecture, 
landscape architecture, urban design, planning, ecology, and environmental science topics were 
often dissociated with each other. Building architecture, landscape architecture, and urban 
planning education programs are also imperiled by the same isolation. Although some schools 
offer joint degree programs in these areas, the majority of schools still offer the degrees separately, 
thus precluding any efficient overhaul of the discipline with a new set of design professionals 
infused with an environmental ethic. The new environmental architecture paradigm, therefore, 
requires strategies to both physically rehabilitate the planet and strategies to transform the 
education, vocation, and perception of architects.  
 
The publications presented with this commentary seek to define this new paradigm by gaining an 
understanding of the built-natural conflict, discussing strategies that mitigate the built-natural 
conflict, and presenting approaches to implement the strategies through changes in education, 
culture, and policy. The publications include seven papers, two articles, and one book. The book, 
Regreening the Built Environment: Nature, Green Space, and Sustainability, integrates and 
expands on the ideas presented in the papers and seeks to provide a comprehensive set of strategies 
that demonstrate new approaches to the built environment that can ultimately change the way 
architecture is perceived, taught, and practiced. 
 
  



6 
 

List of Publications 
 
1. Richards, Michael A. “Solving the Green Design Paradox” Green Places. March 2011: p34-

39. ISSN:1742-3716 
https://search.proquest.com/docview/885432026/fulltextPDF/A310459E3ED045C9PQ/26?ac
countid=14679  

 
2. Richards, Michael A. “Traffic Endangers the Village of Shelburne.” Urban Design Journal. 

Issue 119, Summer 2011: p15. ISSN: 1750 712X.  
http://www.udg.org.uk/sites/default/files/publications/UD_119_lores.pdf 

 
3. Richards, Michael A. “The Quaker Smith Water Silo: An Example of Adaptive Reuse.” 

Chittenden County Historical Society. Vol. 42, No. 2. Spring, 2011  
  
4. Richards, Michael A. “Commuter Rail in Vermont: Using Regional Rail Lines for Local 

Transit.” Urban Design Journal. Issue 128. Autumn, 2013: p7-8. ISSN: 1750 712X 
http://www.udg.org.uk/sites/default/files/publications/UD128_magazine.pdf 

 
5. Richards, Michael A. “The End of the World & Architecture.” World Future Review. Vol.2 

Issue 5. Oct/Nov 2010. ISSN: 1946-7567, p15-19. 
http://journals.sagepub.com/doi/pdf/10.1177/194675671000200502 

 
6. Richards, Michael A. “Confusion Builds Over Architecture’s Terminal Degree.” The 

Chronicle of Higher Education. December 4, 2013. 
https://www.chronicle.com/blogs/letters/confusion-builds-over-architectures-terminal-
degree/ 

 
7. Richards, Michael A.  “Architecture Degree Structure in the 21st Century.”  Multi: The RIT 

Journal of Plurality and Diversity in Design. Rochester Institute of Technology. Vol. 2, No. 
2, 2009: P44-59. ISSN:1942-3527 
http://web.a.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=3&sid=e542c49e-083b-4d6b-
b97f-547753e37def%40sessionmgr4007 

 
8. Richards, Michael A. “The Proliferation of Architecture.” Multi: The RIT Journal of 

Plurality and Diversity in Design. Rochester Institute of Technology. Vol.3 No.1. Spring, 
2011. ISSN: 1942-3527.  
https://www.academicpublishingplatforms.com/downloads/pdfs/multi/volume2/2011071417
38_316-1075-1-PB.pdf 

 
9. Richards, Michael A. “The Little Boy Who Cried Green.” Green Source Magazine, Nov/Dec. 

2008. 
 
10. Richards, Michael A. Regreening the Built Environment: Nature, Green Space, and 

Sustainability. London & New York: Routledge Press, 2017. ISBN:978-1-138-71879 (pbk). 
https://www.routledge.com/Regreening-the-Built-Environment-Nature-Green-Space-and-
Sustainability/Richards/p/book/9781138718791      



7 
 

Although the research progressed from the desire to solve a problem, the workflow was iterative 
since the questions, objectives, and methodologies were constantly reflected upon and refined 
throughout the process. The problems with the planet and the discipline of architecture fueled the 
motivation and established the initial research questions and aims, and the literature review 
revealed gaps in the knowledge which in-turn refined the objectives and methodologies. A self-
published manuscript served as a preliminary rough outline of topics to be explored and informed 
the focus areas for the individual papers, which subsequently delved into more specific sites and 
re-greening strategies for building, roadway, parking, and transportation infrastructure, alternative 
sites, adaptive reuse, sustainability in the distant future, and architectural education reform. 
Critique from the published papers and the self-published manuscript spawned further literature 
review, which once again refined the objectives and methodologies. The papers were then 
expanded upon and compiled into the book chapters of Regreening the Built Environment: Nature, 
Green Space, and Sustainability. 
 

 
Figure 1: Overall Workflow Process 
 
 
 
For buildings, the paper Solving the Green Design Paradox focused on general footprint reduction 
strategies for existing and new buildings, including green roofs, bridging buildings/rooftops, 
terracing rooftops, earth sheltering, and infiltrating buildings with green space; the paper on the 
Quaker Smith Water Silo demonstrated how adaptive reuse and recycling of building components 
can be viable options in lieu of new building construction and material use; and the short article, 
The Little Boy Who Cried Green, warned of the perils of greenwashing and using green rating 
systems as a means to justify unnecessary construction. Roadway infrastructure was addressed in 
the paper Traffic Endangers the Village of Shelburne by demonstrating roadway reduction, 
removal, and reconfiguration strategies using the U.S. Route 7 corridor in Shelburne, Vermont as 
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a test site. The same corridor was also examined in the paper, Commuter Rail in Vermont: Using 
Regional Rail lines for Local Transit, which investigated a failed commuter line and applied the 
findings to a proposal for a new commuter rail system in the northwest region of Vermont. Indeed, 
there is much overlap between the individual papers and in many cases, the themes and strategies 
are symbiotic. For example, a commuter rail can reduce automobiles which can then foster the 
roadway removal, reduction, tunneling/bridging, and re-greening strategies discussed in Traffic 
Endangers the Village of Shelburne; utilizing rooftops, bridging buildings, green roofs, and 
adaptively reusing structures can further conserve open space by minimizing the built footprint 
and preventing unnecessary new development. The relationship between the strategies is more 
evident in the book, Regreening the Built Environment, where the specific case studies are linked 
to broader concepts and ultimately connected to the larger theme of fostering a new environmental 
architecture. The papers Architecture Degree Structure in the 21st Century and the Proliferation 
of Architecture and the opinion article Confusion Builds Over Architecture’s Terminal Degree 
examined current trends and issues in architectural education, practice, and research and proposed 
new degree structures and pedagogies to move the discipline forward. The End of the World and 
Architecture was intended to expand perspective by examining what sustainability is and/or will 
become in the near and very distant future. Its presentation of alternative sites—while somewhat 
science fictional—was intended to spawn news ways of thinking about meeting spatial demands 
given worse case scenarios such as natural resource depletion, cataclysmic disasters, or global 
pandemics. 
 
Although several of the individual papers addressed specific sites, they served as valuable 
precedents when integrated into the broader concepts discussed in the book, Regreening the Built 
Environment: Nature, Green Space, and Sustainability. For example, elements of Commuter Rail 
in Vermont: Using Regional Rail Lines for Local Transit and Traffic Endangers the Village of 
Shelburne were incorporated into the Auto-Alternative Transportation, Roadways, and Parking 
Surfaces book chapters; Solving the Green Paradox and The Little Boy Who Cried Green were 
integrated into the Buildings and Rooftops chapter; The Quaker Smith Water Silo: An Example of 
Adaptive Reuse and The End of the World and Architecture were incorporated into the Alternative 
Sites chapter; and the papers and article centered around architectural education reform—
Architecture Degree Structure in the 21st Century, The Proliferation of Architecture, and 
Confusion Builds Over Architecture’s Terminal Degree—were critical in the book chapter, 
Implementing Green Infrastructure. Since the book was intended to be educational, fifteen focus 
areas identified from the literature review discussed later in this commentary were incorporated 
into the book content, including sections on environmental, social, and economic problems; 
ecological design and low impact design strategies; sustainability, land conservation and 
preservation; energy and waste; transportation and urban design theory; roadways and parking 
design; buildings (new construction and adaptive reuse); corridors; alternative sites; and an 
implementation chapter on policy and education changes necessary to facilitate a new 
environmental paradigm in architecture and design. Since the desired outcome of the research was 
a scholastic book, the primary audience and subsequent advancement of knowledge was most 
intended for undergraduate students in programs aligned with design and the built environment. 
However, the book’s accessibility also yields the potential for it to be influential to practitioners, 
academics, or administrators working in design disciplines such as architecture, landscape 
architecture, urban design, or planning.  
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A common theme throughout the collective body of work questions the notion of what it means 
for architecture and design to be truly sustainable in the 21st century. Although sustainability is 
discussed in relation to the physical, social, and economic environments, the work advocates an 
Earth-centric approach (also known as a “strong” sustainability model) where the physical 
environment is the primary driver for social and economic sustainability rather than the more 
traditional “weak” sustainability model that strives to find a balance between the physical, social, 
and economic environments. Referencing an excerpt from Greening Vermont: The Search for a 
Sustainable State: “Sustainability is an either-or goal—you either achieve it or you don’t.  And 
nature decides what is and isn’t sustainable; it always has, and it always will. We humans, with 
our limited vision, have to make our best guess as to what the limits imposed by nature must mean 
for us.”2 Indeed, a key aspect to sustainability is responsibility to the earth.  We must question our 
projects, lifestyles, and activities. Is new development always necessary? If so, how can 
development work in harmony with nature? How can the impact to the natural landscape be 
minimized? How can development benefit diverse user groups?  What is the payback of the 
project?  How can we enhance curriculums in higher education architecture programs to make the 
discipline more environmentally aware and capable of solving the complexity of environmental 
problems the planet faces?  If we continue to pose such questions and look outside the box, we 
will eventually discover that we are indeed engaging in sustainability.3 
 

 
Figure 2: Weak Sustainability Model vs Strong Sustainability Model 
 
 
In addition to environmental restoration and the repair or “regreening” of the planet as primary 
motivators of the research, a secondary theme examines the relevancy of the discipline of 
architecture in the present and near future. Given the complexity of environmental and social issues 
our planet faces coupled with the fact that the built environment contributes to such issues, it is 
possible that the need for new infrastructure will morph in some fashion in the near future. Over 
the past year, society has witnessed first-hand how the digital revolution has enabled us to work, 
learn, teach, and live remotely during the COVID-19 pandemic. Given the uncertainties of this 
and/or other pandemics and the normalization of living in the “virtual” world, we can easily 
surmise that the need for new physical space may actually decrease in both the short and long-
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term. Retrofitting exiting spaces to make them safer, cleaner, and more energy efficient may indeed 
obfuscate new construction and development projects. Rising sea levels, more frequent 
catastrophic weather events, land degradation, and pollution may facilitate a need for more design-
resiliency and/or prioritizing the landscape over the artifact. This raises questions about the 
relevancy and vitality of architecture. What will architects do if the demand for new building stock 
drastically decreases or comes to a complete halt? What will architects do when/if the need to 
remove or remediate gray infrastructure exceeds the need to construct new infrastructure? What 
will architects do if resiliency solutions overshadow the need for signature design? Another sub-
theme in the publications is that the integration of ecology and environmental restoration into 
architecture will not only sustain the planet, but also the discipline itself by giving it new relevancy, 
roles, and responsibilities. 
 
 
 
 
Defining the Problem & Research Questions 
 
In the field of architecture, the design process and the research process can be both distinct and 
complementary. Design often starts with a problem, while research starts with a question. In the 
submitted publications, the problem—the conflict between the built and natural environment—
drives the following questions: 
 
 What causes built-natural conflicts? 
 What are the impacts of built-natural conflicts? 
 Why should we mitigate built-natural conflicts? 
 How can we reduce the footprint of existing infrastructure? 
 How can we prevent future irresponsible patterns of development? 
 How can we simultaneously meet spatial needs while preserving natural resources and 

open space? 
 How can the discipline of architecture evolve so it stays relevant in the future? 

 
In demonstrating the relevance of mitigating built-natural conflicts, it was important to understand 
the practices that have caused the conflicts and the physical, social, and economic problems that 
the conflicts facilitate. An observation of current project design, development, and construction 
processes reveals a culture of practice that not only creates built-natural conflicts, but also almost 
depends on them to justify their existence. Even with recent heightened sensibilities to global 
climate change, natural resource depletion, environmental degradation, the integration of 
sustainability into educational programs, and the utilization of green building rating systems, 
infrastructure continues to be designed and built in an insular, fragmented process that prevents 
the ability to develop (or not develop) land in a holistic manner that is symbiotic with the ecological 
processes inherent in the site. In a typical approach to the built environment, civil engineers design 
the roads, parking, site grading, utilities, and the stormwater systems; architects focus on the design 
of buildings and often have little or no time to consider the site; mechanical and electrical engineers 
design heating, ventilation, air conditioning, electrical, and plumbing systems; landscape architects 
are frequently left to design any spaces that remain after the roads, parking, utilities, and buildings 
are complete. Planning and zoning regulations are often viewed as obstacles by all the designers, 
thus causing animosity and forcing compromises to the design, for better or worse.  Engineers feel 
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architects are not technical enough; architects view engineers as over-technical and lacking design 
or aesthetic sensibility; developers, project managers, and property owners are often most 
concerned with meeting a budget and/or maximizing profit, which often means sacrifices to all of 
the systems and designs, even if they are good for the environment. Analysis of buildings or site 
performance after a project is completed is rare, and if it is, it is usually conducted by academics 
who are often further disconnected from professionals working in practice. With this amount of 
disjunction, it is easy to see why changing the culture of design and the makeup of the built 
environment is so difficult.  It is also why the built environment is often out of sync and in conflict 
with the natural environment. Built infrastructure frequently impairs natural ecological function, 
while natural elements are often viewed as obstacles for zealous architects, engineers, and land 
developers.4  
 
Understanding the physical, social, and economic impacts generated by built-natural conflicts was 
also imperative to inform the research and publications. Indeed, the consumption of land, 
deforestation, and the burning of fossil fuels have contributed to record high levels of carbon 
dioxide in the atmosphere, with the burning of coal, natural gas, and oil for electricity and heat 
contributing to the largest emissions.5 The high carbon dioxide concentrations are raising 
temperature, which in turn is causing polar ice to melt, thus increasing extreme weather events and 
raising sea levels. The consumption of open space and subsequent increase in impervious surfaces 
has resulted in a disruption in the hydrological cycle by decreasing water infiltration and increasing 
surface runoff, which in turn have caused streams and waterways to be polluted and subject to 
extreme flooding during wet cycles and extreme drought during dry cycles.6  
 
Socially, the over-consumption of Earth’s natural resources and irresponsible patterns of 
development have fragmented communities, altered cultural heritage, fostered social inequity, and 
disrupted human-centric activities. So many of our “places” are becoming utilitarian spaces where 
the design is dictated by non-human and non-environmental factors. Since the Industrial 
Revolution, our lifestyles have continued to morph further away from the natural environment to 
more artificial or “virtual” environments. As more of our land and natural resources are being 
consumed, we are being further disconnected from nature, which can lead to social dislocation and 
community fragmentation and can impair physical and mental health. The sheer pace of 
development is socially disengaging humans on both conscious and sub-conscious levels. As our 
environment continues to be designed around the automobile, we are physically and socially 
disconnecting people from their communities. Roads, highways, and parking surfaces have 
fragmented our neighborhoods (often intentionally) and have exploded the scale of development 
far beyond the dimensions of human movement … it often takes the same amount of time to cross 
a 20-foot-wide street congested with automobiles as it does to walk a quarter of a mile that is 
unobstructed by traffic. The same infrastructure that once made our lives easier and expanded our 
horizons is now trapping us where we are confined to our homes, the inside of our cars, and our 
destinations. People who cannot afford automobiles are also confined by the limits of public 
transportation, which in many regions, is inadequate or non-existent. We are no longer designing 
spaces that are sensitive to human dimensions, but rather spaces that are designed around the 
machine. We are becoming too focused on the fastest way to get from point A to point B and in 
doing so, are losing touch with the journey along the way. This leads to social detachment and 
disengagement with the landscape that ultimately results in spaces that are deprived of function, 
meaning, or culture.7  
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The economic perils from built-natural conflicts, such as productivity lost due to commuting times, 
the cost of environmental cleanup, energy costs, and costs associated with natural resource 
depletion were also discussed. The notion of natural capital was advocated as a catalyst for the 
economy.8 For example, green infrastructure, greenways, parks, and planting trees can increase 
land value, save money, decrease energy use, and generate new capital by attracting and/or creating 
new business, residents, tourists, and recreational opportunities.  Preserving watersheds and marsh 
areas can drastically save dollars by preventing flood damage and providing a natural sink for 
pollutants, thereby eliminating the need to implement artificial or “human-made” solutions.9 
Investing in public transit has been shown to create and sustain jobs, decrease money spent on fuel, 
connect workers to jobs in rural areas, and increase real estate values.10 In addition, spaces 
provided for urban agriculture can help the local economy, reduce the importing of food from 
outside the region (food miles), and further enhance the connection between the community and 
the land.   
 

 
 
 
Figure 3: Why Mitigate the Built-Natural Conflict? 
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Aims & Objectives of Research   
 
Given the established problems and research questions, the aims and objectives of the research 
were to: identify a comprehensive list of topics/focus areas derived from the literature review; 
analyze exemplar case studies that demonstrate environmentally restorative design and contribute 
to sustainability; identify built-natural environment conflicts in the local community and propose 
restorative design strategies that were informed by the case studies; analyze existing design 
education programs to determine if there were pedagogical deficiencies and to formulate new 
academic pedagogies in design that are more environmentally focused; compile the findings into 
a comprehensive textbook that is both accessible and educational for students and influential to 
practitioners; change the perception and vocation of architecture from merely focusing on form-
making to one that examines the relationships of designs to larger ecosystems in the urban, 
community, and regional landscape; and to ultimately create a new paradigm in the way we 
approach the built environment that will subsequently be used to heal or “re-green" the planet.     
 
It should be noted that the ideas advocated in the research are not intended to condemn the built 
environment nor are they meant to insinuate that the practice of building design and the associated 
formulation of structure, form, and aesthetic should be totally abandoned by architects. The 
theories do promote, however, that the idea of humans as conquers of nature needs to be abandoned 
for a more sustainable worldview that we are indeed part of nature and that architects, in particular, 
need to adapt their vocation and the methodologies behind their designs so they better integrate 
with ecological and human-scaled processes.11 
 
 
 
Literature Review/Gap in Research 
 
The literature review informed potential focus areas and identified gaps in the current body of 
knowledge—primarily the lack of a comprehensive instructional book that unified the various 
disparate areas of sustainable and ecological design. For example, while Joel Sanders and Diane 
Balmori’s Groundwork: Between Landscape and Architecture and William Maclay’s The New Net 
Zero: Leading-Edge Design and Construction of Homes and Buildings for a Renewable Energy 
Future offer exemplar examples of physically fusing buildings with landscapes and designing 
energy efficient buildings, respectively, both works were still focused on the physical construct at 
the building level. Groundwork, particularly, was overly focused on the visual aesthetic and lacked 
discussion on technology and analysis. If these books were combined with some of the geospatial 
analysis discussed in Ian McCarg’s Design with Nature, the ecological design principles in Sim 
Van Der Ryn and Stuart Cowan’s Ecological Design, the park and greenway design in Peter 
Harnick’s Urban Green: Innovative Parks for Resurgent Cities, and/or the greenway design 
strategies in Paul Cawood Hellmund and Daniel Somers Smith’s, Designing Greenways: 
Sustainable Landscapes for Nature and People, a new paradigm could potentially start to become 
evident. Then again, there would still be a need for a discussion on sustainable transportation and 
urban design as evident in Roxanne Warren’s the Urban Oasis, Peter Newman and Jeffrey 
Kenworthy’s Sustainability and Cities: Overcoming Automobile Dependence, or Robert Cervero 
and Michael Bernick’s Transit Villages in the 21st Century. Some of the reviewed literature did 
frame their themes around architecture’s response to the larger environmental and social problems 
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our planet faces, particularly Peter Calthorpe’s The Next American Metropolis: Ecology, 
Community, and the American Dream, Anne Winston Spirn’s The Granite Garden: Urban Nature 
and Human Design, Frederick Steiner’s Design for a Vulnerable Planet, Robert Thayer’s Gray 
World, Green Heart: Technology, Nature, and the Sustainable Landscape, and Michelle Adams 
and Donald Watson’s Design for Flooding: Architecture, Landscape, and Urban Design for 
Resilience to Climate Change. However, discussions and/or solutions on how to transform the 
vocation of architecture and/or adapt new academic pedagogies were still not evident. Steiner 
discusses several prospects for new design thinking and mentions programs that have expanded 
their scope and degree options. However, schools that have adapted and/or expanded are still in 
the minority and it became evident there was still a need for more concrete strategies centered on 
pedagogy and degree structure. In addition, although some works addressed development at 
multiple scales—particularly Daniel E. Williams’s Sustainable Design: Ecology, Architecture, 
and Planning—much of the reviewed work often focused on one particular scale, such as at the 
building, community, or regional level. A major theme in the submitted work was to demonstrate 
relationships and strategies for and between various scales.   
 
Throughout the research process, a continued literature review revealed specific focus areas that 
needed to be addressed to formulate the new environmental architecture paradigm, including: 
 

1. Environmental Problems/Climate Change 
2. Social Issues/Behavior & Space/Health & Well-Being 
3. Ecological Design 
4. Sustainability/Resiliency 
5. Energy/Natural Resources 
6. Land Conservation/Site Analysis 
7. Transportation/Urban & Regional Design/Planning 
8. Green Infrastructure 
9. Roadways & Parking 
10. Green Buildings 
11. Corridors/Greenways 
12. Adaptive Reuse 
13. Alternative Sites/Distant Future 
14. Policy Changes 
15. Educational Reform 

 
 
 
 
 
 
 
 
 
 
 
The table below (Figure 3) compares the literature reviewed in relation to the fifteen focus areas: 
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Literature Reviewed Focus Areas (see above) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Groundwork: Between Landscape and 
Architecture 

                  X          

Green Infrastructure: Linking Landscapes and 
Communities 

X             X     X      X  

Transit Villages in the 21st Century             X              X  
The Next American Metropolis   X   X   X X   X   X      X  
Invisible Cities                         X    
Ecological Networks and Greenways X   X X   X   X     X      X  
The Transit Metropolis   X   X     X              X  
Back to School: Architectural Education                            

 
X 

Greening Vermont X X   X   X X   X   X       X  
Green Roofs: Ecological Design & Construction X   X   X         X        X  
Disasters: Violence of Nature, Threats by Man X     X                 X    
Urban Green: Innovative Parks for Resurgent 
Cities 

  X   X   X X X X   X        

Designing Greenways: Sustainable Landscapes 
for Nature and People 

X X X X X X   X     X      X  

Environmental Psychology: Principles and 
Practice 

  X                          

Architectural Research Methods                           
 

X 
Urban Excellence   X   X     X         X      
The New Net Zero X   X   X         X          
Design with Nature X   X     X   X              
Sustainability and Cities: Overcoming Automobile 
Dependence 

X X     X   X   X          X  

Islands in the Sky                         X    
Placemaking: The Art and Practice of Building 
Communities 

  X   X     X              X  

The Granite Garden: Urban Nature and Human 
Design 

X X X X       X     X      X  

Deep Future X                       X    
Design for a Vulnerable Planet X X X X     X X   X X     X X 
Gray World, Green Heart: Technology, Nature, 
and the Sustainable Landscape 

  X X     X   X     X     X  

Unravelling Sustainability and Resilience in the 
Built Environment 

X X   X                   X X 

Ecological Design X X X X X X   X   X X     X X 
Ecological Design and Planning 

             
X X 

The Urban Oasis X X   X X X X X X    X      X  
Design for Flooding: Architecture, Landscape, 
Urban Design for Resilience to Climate Change 

X   X X   X X X   X     X  X  

Sustainable Design: Ecology, Architecture, and 
Planning 

X X X X X X X X X X X      X  

Environmental Science: Toward a Sustainable 
Future 

X X   X X X   X            X  

Stewardship of the Built Environment: 
Sustainability, Preservation, and Reuse 

X X X X X X           X      

Urban Transit: Systems and Technology             X                
Green Infrastructure: Incorporating plants and 
enhancing biodiversity in buildings and urban 
environments  

X X X X X   X X X X   X  

Figure 4: Table Comparing Literature Review versus Desired Focus Areas for Book/Research  
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Research Methodology 

The published work embodied an inductive research process where the aspired value was known 
but the system of achieving the value needed to be researched, analyzed, and presented in the work. 
The aspired value was to create a new paradigm where the built and natural environments are more 
in harmony with each other. To achieve the aspired value, the fundamental strategies inherent in 
green design, sustainability, and ecological design were investigated and the working principle of 
how to integrate the strategies into the new paradigm was formulated. Developing a system 
required analyzing and presenting existing case studies that were exemplar examples of regreening 
gray infrastructure, analyzing local sites, and simulating new environmentally sensitive design 
strategies for the chosen sites. It was essential to provide a large volume of examples that could be 
applied to various sites and scales to effectively support and formulate a new environmental 
architecture. This is one of the reasons why the case studies are often more descriptive than 
explanatory or as Robert Stake describes, more “instrumental than intrinsic,” where the details of 
the case were secondary to the impact on the overall generalized theory promoted in the work.12 
 
Although there are case studies presented throughout much of the world, the concept simulations 
were applied to local communities in Vermont and western New York to demonstrate how some 
of the theories and strategies discussed in the case studies could translate to other sites with existing 
built-natural conflicts. The sites were analyzed with photo and video observation and through geo-
spatial analysis using orthophotography, planimetric mapping, and LIDAR imaging. Computer 
Aided Design (AutoCAD) and Geographic Information Systems (ArcGIS) were used to map and 
analyze natural systems, stormwater, land use, infrastructure, pre-settlement patterns, lot coverage, 
and figure-ground patterns. The analysis of these data layers identified socio-physical patterns and 
built-natural conflicts that informed the concepts applied to the local test sites. Other graphical 
software, such as Adobe Photoshop and Sketch-Up were also used to produce the concept 
renderings. 
 
In addition to the case-study/simulation research methodologies, historical research—including 
interviews with the architect and builder—was conducted for the paper on the Quaker Smith Water 
Silo as well as for the other projects related to adaptive reuse in the book chapter. The paper on 
the commuter rail also required more explanatory and analytical research to find relationships and 
postulate the reasons behind the failure of the initial commuter rail system. The papers on 
architectural education reform required an analysis of existing data that was available from the 
U.S. Department of Labor, the professional bodies governing architecture, and the professional 
bodies governing other professions (law, physical therapy, medicine, etc.). The data was used to 
reveal some of the problems with the current architectural education and licensing process and 
informed some of the pedagogical and curricular changes proposed in the work.  
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Figure 5: Inductive Research Process 
  
 
 
 

 
 
Figure 6: Research Methodology 
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Figure 7: Historical Imagery and Natural Systems Overlays  
 
 

 
Figure 8: Example of Site Analysis Showing Population Density in Relation to Existing Rail 
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Figure 9: Example of Figure-Ground Analysis Comparing Land Use Between 1937 (left) and 1995 (right) 
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Commentary of Publications 

 
Solving the Green Design Paradox 
Green Places 
March 2011: p34-39. ISSN:1742-3716 
 
This paper presented solutions for the built-natural environment paradox by re-evaluating “dead” 
spaces at the building level and was eventually incorporated into and expanded upon in the 
Buildings and Rooftops chapter (Chapter 8) of the book Regreening the Built Environment. The 
concepts of programming space on rooftops, connecting or bridging rooftops, and earth sheltering, 
burying, terracing, and infiltrating buildings with green space/vegetation were all discussed as 
viable strategies to reduce existing building footprints and to provide alternatives to new 
construction. The paper cites the perils of impervious infrastructure on the landscape—including 
stormwater runoff and the subsequent pollution of water bodies, urban sprawl, economic blight, 
and community fragmentation—as a basis to consider the presented design strategies. 
Methodologically, the paper relied on existing case studies and simulations of concepts to promote 
the new paradigm of simultaneously meeting spatial needs without adding impervious 
infrastructure to the landscape. Although the designs represent strategies for specific sites, they are 
conceptual enough to be applied to other regions in the built environment. Given the complexity 
of environmental issues our planet faces coupled with the fact the built environment contributes to 
such issues, it is possible that the need for new infrastructure will change and/or decrease in the 
future. The conceptual guidelines presented in this paper can address this change and provide 
relevancy to the vocation or architecture. 
 
Methodology 
 Presented exemplar case studies; provided simulations to promote concepts 

Significance 
 Presented solutions to reduce existing building footprints and provided alternatives to new 

construction 
Originality 
 Provided a new argument that advocates alternatives to adding more impervious 

infrastructure to the built environment 
Rigor 
 Argument framed in relation to broader environmental problems, including stormwater 

runoff, water pollution, and urban sprawl 
 Argument supported by existing data 
 Concepts applied to multiple types of infrastructure 

Impact  
 Provided new approaches to the built environment 
 Paper incorporated into the Buildings and Rooftops, Corridors, and Alternative Sites book 

chapters 
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Traffic Endangers the Village of Shelburne  
Urban Design Journal 
Issue 119, Summer 2011: p15. ISSN: 1750 712X 
 
This paper also took a global problem and applied solutions at a local level. Indeed, urban sprawl, 
roadway expansion and subsequent auto congestion and community fragmentation have 
significantly impacted communities and cities in both developed and developing countries. The 
state of Vermont is often viewed as a rural region with vast open space and undeveloped land. 
While this is still true in many areas of the state, the flux of people moving to Vermont permanently 
and/or seasonally has created an increased demand for housing and infrastructure that, if actually 
built, could potentially degrade the very thing the people migrating there are seeking—open space. 
Although not to the magnitude of most American metropolitan areas, Vermont’s recent trends are 
starting to produce sprawled patterns of development, auto-dependency, roadway expansion, and 
congestion. Using U.S. Route 7 through the village of Shelburne as the “laboratory,” this paper 
identified key problem areas and provided conceptual guidelines and design strategies to reduce 
auto congestion, minimize roadway expansion, and to re-pedestrianize communities fragmented 
by such congested roadways. Simulations were provided that both tunneled roads and bridged over 
and under existing roads and were supported by successful case studies in other regions. This paper 
was expanded on and incorporated into the Roadways and Parking Surfaces chapter (Chapter 6) 
of the book, Regreening the Built Environment.  
 
Methodology 
 Case study/site analysis using U.S. Route 7 in Shelburne, VT 
 GIS and ortho-imagery analysis 
 Photo and video analysis of traffic patterns 

Significance 
 Presented solutions to reverse adverse effects of roadway expansion and subsequent auto 

congestion and community fragmentation 
Originality 
 Presents alternative approaches to roadway design that are more pedestrian-centric rather 

than auto-centric 
 Solutions are both specific to local site and conceptual enough to be applied to other sites 

Rigor 
 Argument framed in relation to broader environmental problems, including urban sprawl, 

auto congestion, and community fragmentation 
 Argument supported by existing data and comprehensive site analysis 
 Argument supported by existing case studies (expanded upon in book) 

Impact  
 Provided new approaches to the built environment 
 Provided solutions for the local community to consider 
 Paper incorporated into the Roadways and Parking Surfaces chapter in the book 
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The Quaker Smith Water Silo: An Example of Adaptive Reuse 
Chittenden County Historical Society 
Vol. 42, No. 2. Spring, 2011 
 
The purpose of this paper as it relates to the overall theme of the research was to present adaptive 
reuse as a viable alternative to new construction. Similar to other publications, this paper once 
again examines the immediate community for exemplar case studies that successfully transformed 
existing space. The original draft (included in the Appendix) included several barn and farm 
structures throughout the state of Vermont. The publisher (the Chittenden County Historical 
Society ~ CCHS) decided to only run one of the case studies due to space constraints. However, 
the case studies that were not published were incorporated into the Alternative Sites chapter 
(Chapter 10) of the book, Regreening the Built Environment. This paper required historical 
research and interviews with the architect, builders, and owners to understand each of the case 
studies. Up to the point of when this paper was published, there was little written on the selected 
projects, specifically in the context of how adaptive reuse can provide a sustainable means of 
development by decreasing the need for unnecessary new construction that contributes to the 
consumption of open space.  
 
Methodology 
 Researched farm structures that were adaptively reused in the state of Vermont 
 Literature review and interviews with the owners, architect, and builder  

Significance 
 Demonstrates adaptive reuse as a viable alternative to new construction 
 Demonstrates methods to recycle materials 

Originality 
 Highlights the history of relatively unknown structures and novel technics to reuse and 

recycle materials 
Rigor 
 Argument framed in relation to broader problems, such as unnecessary new development 
 Detailed research on history and construction/adaptation process   

Impact  
 Provided new approaches to the built environment 
 Paper incorporated into the Alternative Sites chapters in the book 
 The pre-published paper had three other case studies of farm structure adaptive reuse not 

published by CCHS; these were incorporated into the book 
 Provided historical account of a local building to the community 
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Commuter Rail in Vermont: Using Regional Rail Lines for Local Transit 
Urban Design Journal 
Issue 128. Autumn, 2013: p7-8. ISSN: 1750 712X 
 
This paper expanded on some of the ideas presented in the paper, Traffic Endangers the Village of 
Shelburne, but instead examined the potential of an existing freight rail network to be retrofitted 
to a commuter rail to reduce auto congestion and foster roadway reduction. Historical research of 
the existing line included an analysis and discussion of a failed commuter rail line called the 
Champlain Valley Flyer that operated between 2000-2003. Comparing this service to case studies 
from other regions revealed several shortcomings of the service, including lack of rail connections 
to other modes of transportation and regional attractions, low population density in relation to the 
rail corridor, lack of pedestrian and short-haul transit connections to the train stations, lack of 
mixed-use development along or in proximity to the rail corridor, and poor marketing. The regional 
attractions and population density in relation to the existing rail line were then mapped using 
geographic information systems (GIS); a visual analysis of sites along the corridor was also 
conducted. Successful concepts from the case studies were then applied to the sites identified from 
the mapping and the visual analysis and a comprehensive regional rail system was developed. The 
major conclusion from this section was that auto-alternative modes of transportation are essential 
to catalyze the regreening of gray infrastructure, or more specifically, to reduce, remove, and/or 
re-green roadways and parking surfaces and decrease our dependence on automobiles. This paper 
was expanded upon in the Auto-Alternative Transportation chapter (Chapter 5) of the book, 
Regreening the Built Environment.  
 
Methodology 
 Researched the history of local commuter/freight rail 
 Regional site analysis using GIS and physical observation 
 Concept drawings for new rail system and for nodes along the rail line 

Significance 
 Identified the reasons for the failure of the Champlain Valley Flyer 
 Proposal of a regional commuter rail system that can decrease auto congestion, decrease 

fossil fuel consumption/emissions, and reconnect fragmented communities 
 Demonstrated fixed-guideway rail as a strategy to reverse sprawled development  

Originality 
 Proposed a new regional rail network, several short-haul connections, and transit-oriented 

development hubs 
Rigor 
 Argument framed in relation to broader urban design problems, such as sprawled 

development, auto-congestion/dependency, community fragmentation, fossil fuel 
consumption, emissions 

 Detailed research on history and failure of Champlain Valley Flyer 
 Researched case studies and applied findings to proposal (expanded in book) 

Impact  
 Presented a solution to local community’s ongoing problem with congestion and 

fragmentation; findings incorporated into the Auto-Alternative Transportation chapter in 
the book 
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The End of the World & Architecture 
World Future Review 
Vol.2 Issue 5. Oct/Nov 2010. ISSN: 1946-7567, p15-19 
  
Sustainability is defined as meeting our current needs without compromising the needs of future 
generations. The question remains, however, how far into the future must we plan for? Our 
universe is almost 14 billion years in age, and scientists predict that it will live on at least another 
14 billion years, whereby it will approach finality in either a “Big Crunch” singularity or continue 
expanding until it becomes complete darkness—"The Big Chill.” Sustainability, therefore, 
becomes a relative concept—even before our universe ceases to exist. From cosmic supernovas, 
black holes, and collisions with asteroids to earth-bound disasters such as nuclear holocaust, 
natural resource depletion, and biological pandemics, humanity is indeed in danger of becoming 
extinct. Maybe our fate is inevitable and such events are simply too large for us to comprehend or 
are simply “out of sight and out of mind.”  But maybe thinking on such a grand scale will make 
the more imminent dangers our planet faces seem more solvable. In examining disasters of such 
magnitude, it will become imperative for architecture to adapt and expand its responsibilities to 
provide sustainable solutions that will preserve humanity’s existence.  In recent times, there has 
been a focused concentration on designing green buildings and utilizing renewable sources of 
energy—all of which are in some way derived from the sun. This paper takes this a step further 
and asks, what will happen when there is no sun? What will happen when all of resources that we 
rely on to live are depleted? Although these events may be millions or even billions of years away, 
should we be concerned with them now? To truly engage sustainability, we must examine not just 
the “immediate” future, but also the “distant” and “very distant” future. Although some of the 
concepts in this paper may seem like science fiction to some readers, they have certainly become 
more believable in recent times with the COVID-19 pandemic that is impacting the world today. 
Given the uncertainties of this and/or other pandemics and the already normalization of living in 
the “virtual” world, one can easily surmise that the need for new physical space may change and/or 
actually decrease in both the short and long-term. This raises questions about what types of projects 
architects should engage in to stay relevant in the near and distant future. The ideas discussed in 
this paper were incorporated into the Alternative Sites chapter (Chapter 10) in the book, 
Regreening the Built Environment.  
 
 
Methodology 
 Researched cataclysmic disasters and their potential impact on the Earth 
 Devised solutions to disasters; researched underwater, subterranean, and outer space 

structures 
Significance 
 Solutions to cataclysmic events can be applied to the more imminent dangers Earth faces 

Originality 
 Discussed sustainability in relation to distant and very distant future 
 Demonstrated how science-fiction ideas could be utilized and come to fruition  

Rigor 
 Comprehensive analysis and discussion of cataclysmic events 
 Comprehensive analysis of technologies that can adapt and/or sustain life in response to 

such events  



25 
 

Impact  
 Changes the perception of what is truly “sustainable” 
 Changes in type, scale, scope, and approach to projects in architecture 
 Incorporated into the Alternative Sites chapter in book 
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Confusion Builds Over Architecture’s Terminal Degree 
The Chronicle of Higher Education 
December 4, 2013 
 
Although this was an opinion/editorial article, it provides a timely discussion of the debate over 
architecture degree nomenclature, presents problems and confusion of the current system, and 
presents potential solutions to the problem. This opinion/editorial piece was published in direct 
response to the lack of action from the National Architectural Accrediting Board (NAAB) to 
respond to the deficiencies cited in the article and their unwillingness to modify their conditions 
and procedures for accreditation. The topic has been contentious, to say the least. The acting chair 
of the NAAB’s Board of Directors at the time this piece was written wrote a rebuttal to this piece, 
but still did not address the issues. This article built off the themes published in Architecture 
Degree Structure in the 21st Century and the Proliferation of Architecture by advocating 
architectural degree reform and ways to transition alumni into new degrees. The degree 
nomenclature debate is directly related to the sub-theme of keeping architecture relevant in the 
future as new degree types can potentially be restructured and rebranded to foster a new generation 
of environmental architects. 
 
Methodology 
 Opinion/editorial based on current academic deficiencies in architecture degree 

nomenclature and pedagogy 
Significance 
 The article has been cited and used as a basis to petition the NAAB to modify their 

conditions and procedures for accreditation 
 New degree types have the potential to rebrand architecture with more environmental 

sensibility  
Originality 
 Although the article builds off an ongoing debate, it contextualizes the deficiencies in 

relation to the new Doctor of Architecture accredited by the NAAB in 2004 
 Demonstrates the connection between degree nomenclature and keeping the discipline of 

architecture relevant in the future 
Rigor 
 Article presents multiple viewpoints 
 Article framed around historical evolution of architectural education 

Impact  
 Has fostered discussion and debate in the governing bodies that regulate architecture 
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Architecture Degree Structure in the 21st Century 
Multi: The RIT Journal of Plurality and Diversity in Design. Rochester Institute of 
Technology Vol. 2, No. 2, 2009: P44-59. ISSN:1942-3527   
 
Although this paper provides a historical account and an analysis of existing architectural 
education programs, the conclusions are relevant to be able to propose new academic pedagogies 
and degree structures that integrate environmental sensitivity with design and that expand the 
discipline from merely focusing on form-making to one that examines the relationships of designs 
to larger ecosystems in the urban, community, and regional landscape. It is hoped that the issues 
presented in this paper will generate new discussions on academic pedagogies and degree 
structures that will foster a new array of architecture professionals equipped with the knowledge 
and expertise to design sustainable and holistic solutions at community, regional, and global scales. 
The content of these papers was incorporated into the Implementation of Green Infrastructure 
chapter (Chapter 11) of the book, Regreening the Built Environment. 
 
Methodology 
 Researched existing architecture programs 
 Collected data on attrition, graduation rates, licensure rates, nomenclature, and course 

pedagogy 
 Literature review of other publications on the topic 
 Used online survey tool to collect data from existing students and alumni 

Significance 
 Architectural education needs to adapt and/or transform to stay relevant in the 21st 

Century 
Originality 
 Although an age-old debate, the papers/article frame the issue relative to the emerging 

and imminent challenges the built and natural environments will face in the 21st Century 
Rigor 
 Comprehensive literature review of articles, papers, and books related to architectural 

education 
 Overview of history of architectural education 
 Comprehensive review of architecture degree programs and comparison to other 

professional degree programs 
 Findings produced in conjunction with recent negotiations with architectural 

accrediting/governing bodies 
Impact  
 Paper has fostered discussion and debate 
 Findings incorporated into Implementation of Green Infrastructure chapter in the book 
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The Proliferation of Architecture 
Multi: The RIT Journal of Plurality and Diversity. Rochester Institute of Technology. 
Vol.3 No.1. Spring, 2011. ISSN: 1942-3527 
 
This paper discussed the issues surrounding architecture’s dilemma as being both a profession and 
a discipline, provided a history and background of architectural education and degree structure, 
illustrated how architecture has expanded into other disciplines by demonstrating some of the 
cutting-edge research and projects inherent in the new millennium, and concluded with several 
plausible models of education that integrate practice and research and produce graduates capable 
of careers as both practicing architects and/or as multi-disciplinary academics.   
 
Methodology 
 Examines existing degree structure and course pedagogies in architecture; presents 

innovative case studies that delineate practice and research; formulates new degree types 
that are more commensurate with the expanded areas of investigation. 

Significance 
 Offers new ways forward in both vocation and in degrees in architecture so the discipline 

remains relevant in response to changing environmental, social, and economic needs. 
Originality 
 Provides new education models and degree structures  
 Showcases novel research being conducted in architecture 

Rigor 
 Comprehensive discussion of the history and degree types in architectural education 
 Comprehensive presentation and discussion of exemplar case studies 
 Discussion of various strategies and advantages and disadvantages of each  

Impact 
 Paper has been cited  
 Has fostered debate on improving architectural education 
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The Little Boy Who Cried Green 
Green Source Magazine, Nov/Dec. 2008 
 
Although this opinion/editorial article is short, its message of cautioning against “greenwashing” 
was poignant. Indeed, the article questions the use of ranking systems such as Leadership in Energy 
and Environmental Design (LEED) as a means to justify unnecessary building. A LEED certified 
building, even at the platinum level, still consumes energy, emits greenhouse gases, creates 
impermeable surface, and may not even be desired or needed by the community in the first place.  
In fact, the best design solutions for the environment are often no building at all, which is a tough 
pill to swallow for architects, developers, or recent graduates eager to become signature designers.  
 
Methodology 
 This was a short op/ed piece to highlight the dangers of using “green” rating systems as a 

justification for building unnecessary infrastructure 
Significance 
 All because a building receives a “green” rating does not necessarily mean it is sustainable 

or necessary for a community 
 Cautions against greenwashing 

Originality 
 One of the first challenges to the LEED rating system 
 Poses the notion of a “no-build” scenario for those working in fields impacting built 

environment 
Rigor 
 Although a short opinion article, the theme was poignant and backed by relevant examples 

Impact 
 Has fostered debate on how to improve the LEED rating system  
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Regreening the Built Environment: Nature, Green Space, and Sustainability 
Routledge Press, 2017 
 
As indicated in the abstracts above, the individual papers and articles were expanded upon and 
incorporated into the book, Regreening the Built Environment: Nature, Green Space, and 
Sustainability. In addition to the seven papers and two articles submitted with this commentary, 
four non-published papers were also integrated into the book, including a paper on micro-hydro 
power at ski resorts in Vermont, a paper on merging architecture, landscape architecture, and urban 
design, a paper on the virtual environment’s impact on physical space and human behavior, and a 
paper on the adaptive reuse of farm structures in Vermont that was partially used in the published 
paper, The Quaker Smith Water Silo: An Example of Adaptive Reuse. The book links the papers 
together into a cohesive theme and provides a comprehensive guide that can ultimately be used by 
students, faculty, and practitioners to harmonize the built and natural environments. The abstract 
for the book reads as follows:  
 
In the past, the built and natural environments have been treated as separate entities – infrastructure, such as buildings, 
roads, or parking surfaces are merely placed on the land with no consideration for the natural features or ecological 
processes of the site.   A different approach would be to first conduct a detailed analysis of the surrounding land and 
formulate a design solution that minimizes destruction to habitat and open space, provides ecological function, and 
aesthetically fuses the structure with the surroundings.  It is quite plausible that a building be designed that actually 
creates greenspace or that generates more energy than it consumes; likewise, a roadway can be a park, an alley can be 
a wildlife corridor, and a parking surface can be a garden.  It is really a matter of shifting our preconceptions of how 
we define space, structure, and nature.  These three can indeed be one in the same.13 
 
Since the book was targeted toward both undergraduate design students and professionals in design 
fields, it was intended to be both instructional and resourceful. To achieve this goal, introductory 
sections on land conservation/preservation, natural resources, transportation planning, ecological 
design, energy, and low impact design/green infrastructure were integrated with analysis and 
discussions of relevant case studies. To date, the book has sold close to 500 gross units and was 
reviewed in the Journal of the American Planning Association and by the International Institute 
for Environment and Development in the Environment & Urbanization Journal.14,15 One professor 
reviewed the book on Amazon and stated the following: 
 
I use this book as a text for my design theory course. The students love the reading and the conversation provoked by 
the text is always substantive and thought provoking. The author makes a strong case for de-graying the built 
environment but examines the green movement from a unique perspective. Definitely a worthwhile read and an 
important contribution to the literature.16 
 
Professor Joanna Lombard from the University of Miami states: 
 
Michael Richards succinctly and comprehensively identifies the challenges and opportunities we face in developing a 
coordinated approach to a restorative built environment. As he ranges from systems and infrastructure to the specifics 
of individual design elements, Richards provides an informed and accessible resource for understanding and solving 
problems, and a concise guide for professionals and students alike, an important contribution to the field.17 
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The book was organized into the following chapters: 
 
Chapter 1: Introduction 
Chapter 2: Why Regreen the Built Environment? 
Chapter 3: Ecological Design 
Chapter 4: Land Conservation 
Chapter 5: Transportation 
Chapter 6: Roadways 
Chapter 7: Parking Surfaces 
Chapter 8: Buildings 
Chapter 9: Corridors 
Chapter 10: Alternative Sites 
Chapter 11: Implementing Green Infrastructure 
Chapter 12: Conclusion 
 
 

The following chart shows how the papers were incorporated into the book: 
 

 
 
Figure 10: Publishing Process 
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Chapters 1-4 
 
The motivation for the research and the fundamental problems and questions discussed at the 
beginning of this commentary are presented in chapters 1 and 2. As previously mentioned, the 
book also includes introductory topics on ecological design, energy, and land conservation. The 
integration of design with living processes and a comprehensive site analysis examining 
topography, soils, vegetation, animal species, water patterns, and energy flows reveals design 
strategies that reduce, reuse, and recycle materials and that recover waste, materials, and water. 
The advantages and disadvantages of renewable and non-renewable energy systems and their 
incorporation in the design process is also discussed. Chapter 4 espouses the principles of land 
conservation and/or preservation and the importance of considering these measures prior to any 
project and/or integrating these measures in local and regional master plans and zoning regulations 
to ensure open space is not consumed by irresponsible patterns of development. The chapter 
includes a history of public policy and a discussion of the debate between conservationists, 
preservationists, and private landowners over the most effective way to manage land. The chapter 
also includes case studies discussing Portland, Oregon’s urban growth boundary, the state of 
Vermont’s stringent land use regulations, and a case study in Shelburne, Vermont that 
demonstrates a complete disregard for conservation.   
  
 
Chapter 5: Auto-Alternative Transportation 
 
The Auto-Alternative Transportation chapter expands on the concepts introduced in the paper, 
Commuter Rail in Vermont. The book chapter includes an additional analysis of fixed guideway 
systems—including light rail, heavy rail, automated guideway transit, monorail, and magnetic 
levitation—along with more discussion about transit-oriented and mixed-use development. Case 
studies were examined in Singapore, Concord, Massachusetts surrounding the commuter rail 
station, the village of Arlington Heights, Illinois along Metra’s Union Pacific Northwest Line, and 
in Emeryville, California at the transfer point of Amtrak’s California Zephyr service.  
 
In addition to the case study of the Champlain Valley Flyer analyzed in the Commuter Rail for 
Vermont, the paper concludes that fixed-guideway forms of transit are more effective in shaping 
urban form and preventing sprawled patterns of development. Although buses and hybrid cars are 
more energy efficient than gasoline-powered cars, they still contribute to roadway congestion and 
subsequent community fragmentation. Buses and streetcars that do not operate in dedicated lanes 
must still succumb to traffic delays and stop lights. This, combined with frequent stops, makes 
commuting times longer that car and can thus dissuade people from using the bus. Fixed-guideway 
transit (heavy rail, light rail, monorail, automated guideway transit, and magnetic levitation 
systems), on the other hand, operate on exclusive rights-of-way that can be at-grade, elevated, or 
underground and subsequently have commuting times more efficient than bus or car. The 
permanence of fixed-guideway systems can influence urban form by fostering transit-oriented 
development (TOD) where development is clustered around stations and land in between stations 
can be preserved. To reduce carbon emissions, rail can be powered by hybrid diesel/electric 
locomotives or can be powered entirely or partly from renewable sources of energy.   
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Chapter 6: Roadways 
 
The Roadways chapter expanded on concepts discussed in Traffic Endangers Shelburne and 
Solving the Green Paradox, including reducing roadways, burying roadways, tunneling under 
roadways, bridging over roadways, and removing roadways. The roadway reduction strategies in 
the book chapter added discussions on low-impact-development (LID) techniques such as 
vegetated swales, infiltration trenches, bio-retention/rain gardens, curb extensions, bump-outs, and 
street trees. The Street Edge Alternative project in Seattle, Washington and the SolaRoad in 
Krommenie were discussed to show successful implementation of LID strategies.  
 
As far as the tunneling of roadways, two case studies were analyzed, including the Rose Kennedy 
Greenway/Central Arterial/Tunnel (Big Dig) project in Boston, Massachusetts and the Interstate 
35 project in Duluth, Minnesota. While the Big Dig primarily tunneled an existing highway, the I-
35 project had the benefit of simultaneously constructing the below-grade highways and the deck-
parks. The concept of building “down” and constructing lids over the highway provided a solution 
that allowed highway expansion and traffic alleviation while also providing new green space and 
a new connection from the city to the waterfront. Tunneling the roadways also protected the 
highways from icing off the lake and minimized air and noise pollution. In addition to the 
simulations on U.S. Route’s 2 and 7 in Burlington and Shelburne, Vermont that were featured in 
in Traffic Endangers Shelburne and Solving the Green Paradox, supplementary tunneling and 
bridging techniques and pedestrian and wildlife crossings were featured and augmented with case 
studies such as the Vancouver Land Bridge, the wildlife over and under passes at Banff National 
Park, and the 50-meter wide, 800 meter long Natuurbrug Zanderij Crailo (~Sand Quarry Natural 
Bridge) in the Netherlands that crosses the N524 Roadway, a railway, a business park, a river, and 
a sports complex. 
 
More examples of the complete removal of highways in favor of park/greenspace were also 
included in the book chapter. A discussion of induced traffic demand and an analysis of a British 
study led by Phil Goodwin of University College London in 1998 confirmed the notion that if you 
remove roads, people will eventually adapt their routes, routines, and modes of travel to stay within 
a “fixed” one-hour travel-time budget, thus ultimately reducing demand on roads. Successful road 
removal projects were discussed, including the Harbor Drive Freeway in Portland, Oregon, the 
Embarcadero and Central Freeways in San Francisco, California, and a roadway removal strategy 
that was proposed along the Niagara River between Lakes Erie and Ontario. This “Niagara River 
Greenway” was the central idea used for the academic thesis for the Master of Architecture degree 
in 2002. The ideas in the thesis were expanded upon in the book and include several roadway 
removal, reduction, and tunneling strategies along the Interstate 190 in Buffalo, New York and 
along the Robert Moses Parkway in Niagara Falls, New York. In 2013, New York State finally 
agreed to remove the Robert Moses Parkway entirely from Niagara Gorge.    
 
 
 
 
 
 
 



34 
 

Chapter 7: Parking Surfaces 
 
Similar to the concepts conveyed in the roadways chapter, this chapter also demonstrates how 
parking surfaces are a major culprit of impermeable land coverage that precipitate urban heat 
islands, stormwater runoff, and pedestrian displacement. Also similar to roadways, the reduction 
of parking demand is dependent of the reduction of automobiles, which can be achieved by 
providing both alternatives and disincentives to driving. Alternatives include providing auto-
alternative transportation modes, designing dedicated bicycle and pedestrian lanes, providing 
adequate bicycle storage/locker rooms, providing more park and ride locations, and encouraging 
employers to subsidize transit costs for employees. Disincentives include limiting parking spaces, 
charging money to park, raising the federal and state gas taxes, or having insurance 
rates/infrastructure tax tied to the amount that people drive or the type of vehicle they drive. (For 
example, a higher tax for less efficient vehicles). Incentives not to drive, such as “the less you 
drive, the more you earn” programs could be in the form of cash rewards, gift-cards, lower 
insurance/registration rates, or discounts to events or recreation activities. Conceptual design 
strategies to reduce and/or reconfigure parking lots were simulated and included decreasing 
setbacks between buildings and the curb, bringing the building frontage to the sidewalk, placing 
parking diagonally on the street and/or behind the buildings, breaking up large surface parking 
with vegetative and tree-lined meridians, and allowing shared parking. In addition to providing 
conceptual design strategies, this chapter also discusses several low impact development strategies 
for parking, including pervious pavement, reinforced turf systems, and wet ponds. The benefits of 
compact, transit-oriented development are also discussed in relation to parking surfaces, reiterating 
Roxanne Warren’s vision of a symbiotic relationship between fixed-guideway related 
development, the densification of clustered capillaries of development, and the subsequent 
conservation of open space between the capillaries. 
 
 
Chapter 8: Buildings and Rooftops 
 
The Buildings chapter expands on the concepts discussed in the paper, Solving the Green Paradox, 
including a discussion of the U.S. Green Building Council’s (USGBC) Leadership in Energy and 
Environmental Design (LEED) program that was introduced in the article, The Little Boy Who 
Cried Green, and additional discussion and analysis of net-zero buildings, green roofs, living 
walls, earth sheltering, terracing, covering water reservoirs, and infiltrating structures with 
greenspace. This chapter has an ample amount of case studies both in local communities in 
Vermont and New York and throughout the world. Local buildings included were the George D. 
Aiken Center, the Dudley H. Davis Center, and the Dana Medical Library at the University of 
Vermont, Atwater Hall at Middlebury College, The University of Vermont Medical Center 
Radiology/Oncology green roof, Heritage Aviation, and the Burlington International Airport. 
Some of the examples featured in other locations include the Verdant Laboratory at the California 
Academy of Sciences, the Lycée Jean Moulin in France, the Howard Hughes Medical Institute’s 
Janelia Research Campus, the Campus Center at the EWHA Women’s University in Seoul, Korea, 
FTP University in Ho Chi Ming City, Vietnam, the Hayes Residence in Berkeley Springs, and 
Peter Vetsch’s Nine Houses community in Switzerland. Although the theme of the research often 
discourages new building development in the environment, this chapter clearly demonstrates 
effective strategies to construct new space while conserving or even creating new green space.   
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Chapter 9: Corridors 
 
This chapter expands on the “dead” spaces discussed in Solving the Green Paradox such as rail 
corridors, utility corridors, alleyways, and waterways and presents strategies to repurpose such 
spaces as pedestrian-friendly linear greenways that can network green infrastructure on community 
and regional scales. The 12-mile Island Line Trail along the shoreline of Lake Champlain in 
Burlington, Vermont was discussed and represented an example of a rail-to-trail and a rail-with-
trail. The transformation of the abandoned High Line elevated railway in New York City into a 
pedestrian and ecological lineage through the alleys of the meatpacking district in the lower west 
side was also presented. The chapter also discusses the pros and cons of utility burial, concluding 
the long-term environmental, social, and economic benefits outweigh the financial woes to bury 
the lines. When it is not feasible to bury utilities, utility corridors can make excellent sites for wind 
turbines and solar arrays. The corridors can also be coupled with rail and pedestrian trails, creating 
“multi-use” corridors. In addition, the chapter also demonstrates how alleys between buildings can 
be converted to urban gardens and/or can contain rain gardens that absorb and/or channel 
stormwater and how preserving, enhancing, and regenerating riparian corridors along waterways 
and coastlines is imperative to filter/absorb stormwater runoff, pollutants, and sedimentation and 
to prevent erosion and flooding. 
 
 
Chapter 10: Alternative Sites 
 
Expanding on the strategies presented in The End of the World and Architecture and The Quaker 
Smith Water Silo, this chapter explores alternative sites that could be developed that prevent the 
consumption of open land. The chapter presents a variety of strategies that can meet society’s 
spatial needs without sacrificing more land at the surface of the earth, including adaptively reusing 
barns and silos, reinterpreting brownfields, reusing existing sites or structures, infill development, 
bridging between structures, and constructing on the surface of the water, underground, and in 
outer space. Successful brownfield reclamation projects were discussed, including Gas Works in 
Seattle, Washington and in the Ruhr River Valley of Germany. The chapter also discusses the 
Solar Wind project in Italy that fuses wind turbines with an existing aqueduct, the Water Discus 
underwater hotel by Deep Ocean Technology, the floating Watervilla in Ijburg, the Casa Brutale 
cliff dwelling, and several designs for outer space colonies by NASA. Although some of the 
discussion and strategies presented in this chapter might seem far-fetched to some, the main 
purpose of this chapter was to get the reader to question what is needed to truly engage sustainable 
design. As previously mentioned, sustainability is defined as meeting our current needs without 
compromising the needs of future generations. The question remains, however, how far into the 
future must we plan for? It was hoped that thinking on such a grand scale could provide solutions 
to the more imminent dangers our planet faces.  
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Chapter 11: Implementation of Green Infrastructure 
 
While this chapter incorporates elements from the papers Architecture Degree Structure in the 21st 
Century, The Proliferation of Architecture, and Confusion Builds Over Architecture’s Terminal 
Degree, there is also a much broader discussion about changes in education, public policy, 
marketing, and culture that are imperative to regreen the built environment. As far as education, 
five potential strategies were discussed, including merging architecture, landscape architecture, 
and urban design fields into one, comprehensive discipline; creating joint degree programs; 
shifting the focus in the studio environment away from form-making toward more research-based 
investigation; creating more required courses in environmental science, sociology, urban studies, 
and ecology; and creating new degree structures that delineate practice and research. Changes to 
laws and building codes and creating more stringent zoning regulations that conserve open space 
and control sprawled patterns of development were also espoused. In addition to public sector 
changes, there is also discussion on how private companies can better engage sustainability by 
using marketing strategies and/or changing their business process.  
 
The book’s methodology, significance, originality, rigor, and impact as a collective whole are 
summarized below: 
 
Methodology 
 Book is a culmination of the individual papers 
 Instructional topics were added since the book was targeted for undergraduate design 

students 
 Case studies and simulations to promote concepts 

Significance 
 The book’s intent is to be both instructional and influential in changing the perception of 

architecture from a building-centric discipline to one more focused on solutions to 
environmental problems 

Originality 
 The chapters collectively provide a new paradigm in the approach to the built environment  
 Original proposals/simulations both specific to local sites, and conceptual to be applied to 

other sites  
Rigor 
 Comprehensive literature review and identification of gaps in the research 
 Book is both instructional and can be used as a resource/reference  
 Culmination of multiple topics 
 Comprehensive analysis of case studies 
 Simulations/solutions informed by case studies 

Impact 
 To date, the book has sold close to 500 copies 
 Reviewed by American Planning Association and the International Institute for 

Environment and Development’s Environment & Urbanization Journal 
 Used in the classroom 
 Influential and informative to local communities 
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Conclusions 
  
As stated in the introduction of this commentary, the primary motivation for conducting this 
research was to develop a new paradigm in the design and development of the built environment 
that seeks to reverse existing and prevent future irresponsible, sprawled patterns of development 
and the subsequent loss of natural habitat and open land. Mitigating built-natural conflicts and 
integrating environmental awareness into architecture, therefore, is not only imperative to heal the 
planet, but also necessary to keep the discipline of architecture relevant in response to the imminent 
environmental and social challenges our planet is facing.  
 
To develop this paradigm, case studies from around the world were presented that embodied 
notions of conservation, ecological design, auto-alternative transportation, environmental 
restoration, infrastructure reduction and removal, green building, adaptive reuse, and alternative 
site design. Concepts derived from the case studies were then applied to local communities with 
existing built-natural conflicts throughout Buffalo, New York, Rochester, New York, and the state 
of Vermont. The strategies presented for the local sites considered the broader, global 
environmental problems our planet faces and provided a means of “thinking globally and acting 
locally” when devising solutions. Although the strategies were often site-specific, they were also 
conceptual enough to foster discussion and spawn new ideas and subsequent research for other 
sites.   
 
The stark contrast between the rust-belt cities of Buffalo and Rochester and the pastoral landscape 
of Vermont at a crossroads in its development provided unique challenges and opportunities to 
explore strategies to repair existing wounds to the built environment and to prevent potential future 
wounds, respectively. Indeed, Vermont is the “green-mountain state” and compared to many 
regions, has an abundance of open space, rolling mountains, and pristine lakes and rivers.  
However, Vermont is not immune to the perils of urban sprawl and land degradation. Over the 
past twenty years, Vermont has experienced patterns of development reminiscent of trends that the 
rust belt witnessed in the middle to late part of the twentieth century. Roads are being widened, 
shopping plazas are being constructed, and housing developments are rapidly spreading across 
what was once open space and farmland. As similar in other regions, development is too often 
conceived, designed, planned, and constructed in a segmented, insular fashion that segregates 
architects, landscape architects, planners, and engineers. Each profession adheres to narrow 
focuses on projects—architects to buildings, landscape architects to land, planners to zoning codes, 
and engineers to specialized systems—the result being a fragmented, piece-meal design that is out 
of context with the surrounding urban/community fabric, human scale, and most importantly, with 
nature. Fortunately, Vermont does have some of the most stringent land-use regulations and zoning 
review processes in the country. Such stringency has made new development difficult, which on 
one hand is positive, for it has deterred unnecessary development of large box retail, preserved 
aesthetics, and increased land values; on the other hand, it has created a housing and building stock 
shortage which has subsequently driven the cost of real-estate and property taxes sky high.  The 
tough questions for Vermont as well as for the entire world remain: can we reverse existing sprawl, 
prevent future irresponsible patterns of development, and meet spatial demands while conserving 
open space?18  
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To answer these questions, it was imperative to demonstrate how the re-greening strategies 
contribute to the “Three E’s of Sustainability,” which include the physical or “ecological” 
environment (environmental protection and natural resource conservation), the social environment 
(the “e” being “equity” as in social equity and well-being), and the economic environment 
(economic prosperity and continuity). The ecological benefits of green infrastructure conveyed in 
the published work included decreasing urban heat islands, providing sinks for carbon dioxide, 
absorbing air and water pollutants, restoring the hydrologic cycle, providing resiliency to rising 
sea levels, storm surges, and natural disasters, and providing habitat to wildlife. Socially, green 
infrastructure was shown to de-fragment communities by the removal of infrastructure deleterious 
to pedestrian movement, improve physical and mental health, and reconnect people with their 
communities and the natural world. Economically, green infrastructure was shown to increase land 
values, create new jobs, decrease our dependency on foreign oil, decrease energy use/costs, and 
ultimately to preserve the value of natural capital. Overall, the work stresses a model of 
sustainability where conserving and repairing the natural environment is the primary catalyst for 
social and economic sustainability.   
 
Regreening strategies were presented for both new development and existing infrastructure for 
roadways, parking surfaces, structures, rooftops, brownfields, and rail, alley, water, and utility 
corridors. Comprehensive master planning was discussed to guide future growth patterns by 
promoting urban growth boundaries, compact development, density limits, open space plans, land 
conservation, stormwater management, transportation, and pedestrian environments; fixed-
guideway transit systems were shown to be a physical determinant of urban form by fostering 
compact, transit-oriented forms of development that can reduce vehicle usage and subsequent 
roadway and parking demand; building designs were presented that actually created green space 
and/or generated energy at greater rates than they consumed energy and resources;  alternative 
sites, such as corridors, alleys, spaces between buildings, rooftops, and brownfields were 
demonstrated as viable substitutes to constructing new infrastructure on undeveloped land, and 
designs in outer space and under water demonstrated strategies that could be utilized for 
cataclysmic disasters, natural resource depletion, or global pandemics; and networking greenways 
and green infrastructure was shown to provide uninterrupted riparian zones and pedestrian-friendly 
lineages that can reconnect fragmented wildlife and human communities, respectively.  
 
Collectively, the individual papers and the book provide a new set of themes that can be explored 
within the discipline of architecture. Adding these areas to the vocation would not only keep the 
discipline relevant in response to new challenges and opportunities our planet faces in the future, 
but also can transform the mindset of students studying in the design professions, particularly 
architecture, landscape architecture, and urban design.  Revisioning architectural education itself, 
therefore, is critical to both advancing and adapting the vocation of architecture. As Frederick 
Steiner points out, “the academy is not the launching pad, but the goal.”19  An analysis of existing 
accredited architecture programs revealed that although there have been some modest adjustments 
to integrate sustainability into design, academic pedagogies are still too overly concerned with 
form-making and visual aesthetic and still deficient in integrating courses in environmental studies, 
ecology, sociology, and sustainability. Such narrow focuses are placing the discipline in jeopardy 
of becoming extinct in higher education and displaced in professional practice by more specialized 
fields in the sciences and humanities that are better equipped to analytically design solutions to 
complex problems that our planet faces.  Engineers, biologists, and ecologists are starting to 
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assume more design roles, dubbing themselves as “eco-designers” or “bio-engineers,” and 
consuming projects and conducting research that should otherwise be done by architects and 
landscape architects. Given the specialized technical aptitude of these other disciplines, one might 
question the need for the design generalist at all … especially given the complexity of some of the 
infringing global environmental problems. Sandra Manley and Jim Claydon address this issue in 
a book chapter of Changing Architectural Education: Towards a New Professionalism: “The belief 
in the powers of the generalist is not well founded given the complexity of today’s development 
industry and the diverse environment in which development takes place … there is ample evidence 
of other specialists taking over roles to the extent that the architect is no longer considered a leader 
in the development process.”20 In their book, Ecological Design and Planning, Frederick Steiner 
and George Thompson recognize the same relevancy issue in landscape architecture. “If the 
discipline embraces ecological design and planning, then it has a leadership role in contemporary 
society throughout the world. If landscape architecture, however, turns inward and ignores its 
larger responsibility to the public good, then it will become marginalized and less relevant.”21  
 
Architecture and fields associated with the built environment are also extremely vulnerable to 
slumps in the economy. For example, the housing mortgage crisis and subsequent economic slump 
of 2008 caused the decline of new construction, renovation, and deferred maintenance projects to 
a point that forced firms to lay off employees, reevaluate their business processes, and/or leave the 
profession altogether. Four years after the onset of this crisis, a study conducted by the Georgetown 
University Center on Education and the Workforce showed that the unemployment rate for recent 
graduates was highest in architecture at 13.9% as compared to all other fields of study in post-
secondary education.22 During 2019-2020, the COVID-19 pandemic further exasperated the 
uncertainty of architecture’s future. A recent article in the Washington Post mentioned that the 
Architectural Billings Index hit an all-time low in April, 2020.23  Data from an American Institute 
of Architects (AIA) survey around the same time showed that more than two-thirds of the 
architectural firms surveyed applied for federal Paycheck Protection Program loans and also 
reported large slow-downs, furloughs, layoffs, and the complete halting of projects.23 Even if/when 
the pandemic lessens in severity, the change in culture will most likely have profound impacts on 
the type, quantity, and quality of spaces that are needed in the future, with a possible focus-shift 
toward reevaluating spaces to make them more efficient and healthier rather than constructing new 
buildings. In addition, the demand for additional space may also decrease if people continue to 
work remotely. After all, this is not the first pandemic and it certainly will not be the last. In fact, 
data collected by Global Workplace Analytics shows that seventy-six percent of global office 
workers and 82% of U.S. office workers say they want to continue to work from home, at least 
weekly, when the pandemic is over (approximately 75 million U.S. employees). This could equate 
to a loss of over a billion square feet of office space in the U.S. as a result.24 
 
In the academic setting, architecture faculty holding professional degrees are often displaced as 
the result of architecture’s proprietary and confusing degree structure. In the United States, the 
National Architectural Accrediting Board (NAAB) accredits three different degrees (B.Arch, 
M.Arch, D.Arch) and five different tracts leading up to these degrees. The degrees are not earned 
in sequence like the typical bachelors-masters-doctorate path ubiquitous in other disciplines, and 
although they are designed for professional practice, they still are not considered adequate enough 
to enable graduates to sit for the licensing exam directly out of school. In essence, the degrees are      
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over-conceptual for practice but not scholarly enough for academia. Disciplines outside of 
architecture also do not understand how these professional degrees fit in to their research and 
teaching mission. The result has been the inability of an architecture faculty to teach and/or conduct 
research across disciplines or to secure adequate research funding. This is detrimental to both 
universities and to architecture faculty since there has been a recent surge in design-based 
programs and research that are offered under schools outside of architecture.  
 
To address the academic deficiencies, five major strategies were discussed in the Implementation 
chapter of the book, Regreening the Built Environment: Nature, Green Space, and Sustainability: 
merging architecture, landscape architecture, and urban design fields into one, comprehensive 
discipline that produces a new generation of sustainable/ecological designers; creating joint degree 
programs; creating new degree structures that delineate practice and research; shifting the focus in 
the studio environment away from form-making toward more research-based investigation; and 
creating more required courses in environmental science, sociology, urban studies, and ecology.25 
 
Although the most difficult to achieve due to the bureaucracy of the governing bodies that regulate 
the design professions, a merger of architecture, landscape architecture, and urban design into a 
new, comprehensive degree may be the most efficient way to transform the current approach to 
the built environment. Landscape architecture contains courses in ecological design, land analysis, 
site design, and environmental science that architecture lacks, and architecture contains courses in 
building technology, energy systems, and structural analysis that landscape architecture lacks. 
Urban design contains courses in urbanism, housing, transportation, sociology, equity, and 
planning and zoning that both architecture and landscape architecture lack. The fusion of the three 
fields could produce a new generation of designers with a more comprehensive set of social and 
environmental knowledge that can provide less insular and more holistic solutions to problems.   
 
Such a fusion would require organizational changes at both the schools and the regulating bodies.  
Many schools only offer one of the disciplines, and the schools that do offer all three programs 
often offer them in separate colleges. For example, landscape architecture is often part of an 
agricultural or horticultural college, architecture is often its own school or part of the humanities 
or fine arts, and urban design can sometimes be included in geography or sociology programs.  
Some programs do offer some combination of the degrees under the same academic college, which 
has made cross-collaboration somewhat smoother, and in some cases, has fostered the creation of 
dual degree programs. While such programs are indeed a step in the right direction and provide 
precedents for a new merged degree, they are still optional and relatively rare, which means 
students are still graduating from single-style programs with too narrow of a focus to compete in 
the future marketplace. Both architecture and landscape architecture also have “non-pre-
professional plus” tracts where a student completes an undergraduate degree in a non-
architectural/landscape architecture discipline, then completes the professional degree at the 
graduate level.  Such programs have the ability to produce architects with diverse backgrounds 
since the completed undergraduate degree can be in any discipline. However, depending on the 
undergraduate degree earned, this still does not ensure adequate training is in environmental, 
ecological, or social issues. In addition, such “non pre-professional plus professional” programs 
are outnumbered by five-year or four plus two “pre-professional plus” programs where exposure 
to other academic topics is not as apparent.  
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In the United States, such a merger would require a coordinated effort between the regulating 
bodies that govern the professions, particularly  the National Architectural Accrediting Board 
(NAAB, the American Institute of Architects (AIA), the American Institute of Student Architects 
(AIAS), the Association of Collegiate Schools of Architecture (ACSA), the National Council of 
Architecture Registration Boards (NCARB), the Landscape Architectural Accreditation Board 
(LAAB), the American Society of Landscape Architects (ASLA), the Council of Educators in 
Landscape Architecture (CELA), the Council of Landscape Architectural Registration Boards 
(CLARB), the Planning Accrediting Board (PAB), and the American Planning Association (APA). 
Given the amount of bureaucracy, such collaboration and/or a creation of a new, single 
accreditation agency, professional body, and registration exam that encompasses all three field 
would be daunting, to say the least, not to mention the fact that the increased content would most 
likely extend the duration of design programs. However, there have been successful mergers that 
offer some glimmer of hope. The University of the West in England in Bristol (UWE), for example, 
had success in combining architecture and planning in the early 2000s. The BA (Hons) 
Architecture and Planning is currently accredited by the Royal Institute of British Architects 
(RIBA), the Royal Town Planning Institute (RTPI), and the Architects Registration Board (ARB). 
The degree promotes ideas of understanding the physical, social, and economic context of 
development before engaging in design and established a new way of educating people to work as 
architect-planners.26 
 
Given the difficulties of a professional degree merger, a more feasible approach would be for 
individual schools to create more degree options. This could include joint professional degree 
programs mentioned above, such as the Master of Architecture/Master of Landscape Architecture 
(M.Arch/M.L.A.), the Master of Urban Planning/Master of Landscape Architecture 
(M.U.P./M.L.A.), or the Master of Urban Planning/Master of Landscape Architecture/Master of 
Architecture combination (M.U.P./M.L.A./M.Arch), and/or offering research degree paths that 
could be studied solely or in conjunction with the professional degree tracts. Other fields, such as 
medicine, psychology, and engineering, have successfully implemented this approach.  The 
practice informs the research, and the research in-turn advances the practice. In addition to offering 
a variety of degree options, both research and professional programs should also be offered at the 
doctorate level, such as the D.Arch/PhD or D.L.A./PhD, rather than the ambiguous “terminal” 
master’s degrees (M.Arch, M.L.A., M.U.P.) that are often out of place and/or misunderstood by 
other fields in the sciences and humanities and by society as a whole. The professional Doctor of 
Architecture was first accredited by the NAAB in 2004. Although only one school has adopted it 
(University of Hawaii, Manoa), the new degree has strong potential to rebrand the discipline by 
adding curricular enhancements, shortening the intern/licensing process, transforming the 
building/form-centric perception of architecture to one that is more about healing ecological and 
social fragmentation, and ultimately producing a new generation of “research practitioners” that 
are more capable of branching out into new roles, crossing disciplines, and adapting to change.   
 
Outside from new degree programs, schools can also foster more immediate impact by revamping 
the culture of the design studio and integrating more research into their programs. As previously 
mentioned, the current structure of the design studio tends to overemphasize signature design, 
form-making, and the culmination of star architects (star-chitects). Concepts grounded in science, 
ecology, or environment are often belittled if they do not produce a certain “awe” factor.  As Sim 
Van Der Ryn and Stuart Cowan point out in their book, Ecological Design, “architecture is 
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sometimes taught and envisioned as though sites were interchangeable background slides projected 
behind the human (sic) made object … and unfortunately, at most universities, it is still entirely 
possible to earn a master’s degree in architecture without knowing how the sun moves through the 
sky, without being aware of energy or resource use in a building, and without taking a course in 
environmental science. This tells us what counts for valid knowledge in architecture and helps 
explain why 40 percent of the energy consumption in the United States can be traced to building 
construction, materials, and maintenance.”27  Although this was written in the late 1990s, the same 
trends are unfortunately still prevalent today. 
 
Given the fact that the design studio makes up about one-third of the credits, more of the time 
could be spent on scholarly research into the problem rather than on the dogmatic arts and crafts 
form-making exercises. When presented with a design problem, students should be able to devise 
the best solution for the site rather than having to satisfy unrealistic and subjective expectations of 
the professor, the accrediting bodies, or of the school. As demonstrated in the publications, a design 
for an environmental education center may seek to preserve trees rather than clear-cutting them 
for a new building; a design for a market may seek to use an existing building rather than 
constructing a new one; a new housing development may be entirely forfeited in favor of a 
transportation project that more efficiently links existing development, thereby eliminating the 
need for new construction; a flood-resistant building-design may be combined or completely 
substituted by the design of riparian buffers or bioretention areas. In addition to the traditional 
notion of architecture as a discipline focused on new building, a revamped definition of 
architecture can also include the actual removal of infrastructure and the repair of the environment.  
It is these cultural changes that need to infiltrate the field and ultimately influence designers, land 
developers, policymakers, and the public-at-large in their approach to the built environment.  
 
Although it is still politically polarized, the green movement has finally become mainstream.  What 
was once considered extreme, left-wing propaganda is now headline news and priority agenda for 
politicians, companies, and schools. One can’t turn on the television or listen to the radio without 
hearing about climate change, peak oil, hazardous pollution, green building, sustainability, 
resiliency, or renewable energy. Many seem to be capitalizing from our planet’s demise—
hopefully, the true message doesn’t get watered down or lost in the shuffle and that projects 
roguishly claiming to be green do not falsely educate citizens on the real definition of sustainability 
… i.e., “The Little Boy who Cried Green.”28 Designers should be weary that constructing an 
unnecessary project and marketing it as “green” can be just as irresponsible as constructing a 
necessary, non-sustainable project. In the long-run, this so-called “green-washing” only hurts our 
planet. Similar to the code of ethics that embodies the medical professions, it is imperative that an 
environmental ethic is fused into architecture in order to effectively begin to heal the planet. In the 
Land Conservation and Preservation chapter of the book, Regreening the Built Environment, there 
is a case study that is completely antithetical to the philosophies advocated throughout this work. 
The Vermont Railway Authority took advantage of a federal law that exempts them from 
complying with state and local development regulations and proceeded to clear cut a forest along 
a floodplain of the LaPlatte River that drains into Lake Champlain in Vermont to construct a 
complex of warehouses for salt storage. Although they were able to circumvent the local planning 
and zoning bylaws, a civil engineer still had to design and certify the site plan and an architect 
and/or engineer still had to design and certify the building drawings. Relating this case back to 
medicine, this would be the equivalent of a doctor conducting unnecessary surgery on a patient. 
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We need architecture to overwhelmingly adopt an ethic that puts the needs of the environment 
over financial or personal gain and that has the moral compass and professional obligation to resist 
irresponsible or unnecessary projects. 
 
The paradigm shift of the relationship between the built and natural environments is long overdue. 
In the past, the two have frequently been treated as separate entities—design a building, a road, or 
a parking lot and merely place it on the land. A different approach would be to first examine the 
land and surrounding environment and formulate a design solution that minimizes destruction to 
habitat and open space, integrates with ecological processes, and aesthetically fuses the structure 
with the surroundings. Rather than segregating “gray” and “green” infrastructure, the two can 
indeed coexist and indeed be one in the same. It is quite plausible that a building be designed that 
actually creates greenspace; likewise, a roadway can be a park, an alley can be a wildlife corridor, 
a parking surface can be a garden. It is really a matter of shifting our preconceptions of how we 
define space, structure, and nature. Change, growth, and development are inevitable, and we can 
only do our best with the knowledge we have in the present to attempt to sustain our planet in the 
future. All development has impacts and all decisions have consequences; our planet is also finite, 
and nothing is truly eternally sustainable. However, we owe it to the earth, the universe, and to 
humanity to do the best we can with the knowledge and technology that is available to sustain the 
quality of life for future generations.29   
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Future Research 

 
The research embodied in the submitted publications had certain limitations that can catalyze 
future research opportunities. Since the research was independent and not officially sponsored by 
any grants, agencies, or educational institutions, the geographical areas examined for the concept 
simulations were limited to local communities in Rochester, New York, Buffalo, New York, and 
the northwestern section of Vermont. Although this granular examination of relatively unknown 
sites and projects can also be perceived to be a strength of the work, an examination of other 
regions both within and outside of the United States could enrichen the work and provide a broader 
range of strategies for different types of communities. Although there are case studies 
demonstrated throughout the world, many of them may be more descriptive than analytical. This 
was also an intention of the work since it was more imperative to support the new environmental 
architecture paradigm rather than analyzing the pros and cons of every project; however, a more 
analytical approach may also identify other trends that may not be apparent in the current body of 
work. The independence of the research also made qualitative data collection a challenge, 
especially in assessing the social fragmentation caused by irresponsible patterns of development. 
In addition, although the work emphasizes a land-analysis approach to architecture, the geo-spatial 
process that was used to inform the analysis of the sites was not described in detail.  Given these 
limitations, future research will include a wider geographical analysis of other communities and 
regions, detailed demonstrations of effective land and geo-spatial analysis methods, granular 
analyses of ecological and social fragmentation, and measuring the impact of design strategies on 
fragmentation.  
 
As mentioned in the Research Methodology section above, one of the prime research techniques 
utilized in the existing body of published work to identify built-natural conflicts was geo-spatial 
analysis using orthophotography and the overlay of natural resource data layers onto current 
development patterns. Although this technic was useful to inform the concept simulations in the 
work, the spatial aggregation and habitat abundance are primarily visible at larger scales (i.e. one-
mile by one-mile grids) and are often difficult to see at smaller building, parcel, or even urban 
scales. For example, in the state of Vermont, the Agency of Natural Resources (ANR) has 
developed a state-wide interactive Bio-Finder map that identifies landscape scale components, 
including interior forest blocks, connectivity blocks, riparian wildlife connectivity, surface water 
and riparian areas, physical landscape blocks, and physical landscape diversity; and community 
and species scaled components, including natural communities, aquatic habitats, wetlands, 
terrestrial wildlife crossings, riparian wildlife crossings, and rare and uncommon species. Overall, 
the various layers are used to identify the highest priorities for maintaining Vermont's ecological 
function and have been a useful tool to identify major natural-built conflict areas. Although the 
map identifies the highest priorities, these layers are usually larger, contiguous blocks that are 
more apparent at regional or community-scales and may or may not show smaller, tertiary micro-
habitats that can serve as “stepping-stone” linkages that connect to the larger, cohesive green 
infrastructure network in a community or region. In addition, micro-habitats in urbanized areas 
derived from low impact development strategies such as urban gardens, bio-retention areas, green 
roofs, drainage swales, and street trees may also not be apparent in the larger-scale and higher-
priority ecosystem mapping. An area of future research, therefore, is to create these smaller-scaled 
maps identifying “tertiary” patches of habitat that have the potential to be linked together and serve 
as “stepping-stone” connections to the larger, regional green infrastructure network. Lidar data can 
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be used to see various types and scales of land cover and can provide three-dimensional 
connectivity of landscape elements. This level of analysis can also present challenges and 
opportunities at the building level, i.e., green roofs and green walls connecting to an urban garden 
that connects to a tertiary grove of trees that connects to a riparian lineage along a rail line that 
ultimately connects to the highest priority interior forest block.   
 
The maps illustrated in Figure 10 demonstrate this more granular approach in identifying tertiary 
landscape components at the building/parcel scale and how these components could be potentially 
connected into the higher priority landscape blocks. The map on the left shows existing conditions 
using one sample layer of highest priority forest blocks and priority forest blocks derived from the 
ANR Biofinder data. The map on the right uses lidar to highlight land cover, including tree cover, 
grass/shrubs, soils, water, and impervious infrastructure. Both maps can be used to identify 
built/natural conflicts and opportunities to network green infrastructure. The dashed yellow lines 
show potential ecological connection routes relative to the parcel outlined in light blue.   
 

 
Figure 11: Granular approach of identifying conflicts and potential connections  
  
 
In addition to ecological fragmentation, spatial analysis can also provide insight into sprawl-
induced social fragmentation by identifying conflicts to pedestrian-scale movement in a 
community. Although visual analysis can reveal aggregate patterns, measuring the degree of 
existing sprawl and how a particular design solution impacts that metric is also an area of potential 
research that could enhance the current body of work. For example, in their research report 
Measuring Sprawl 2014, Smart Growth America measured the costs and benefits of sprawling 
development in 221 metropolitan areas and 994 counties in the United States using four primary 
factors: residential and employment density; neighborhood mix of homes, jobs, and services; 
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strength of activity centers and downtowns; and accessibility of the street network. Each of the 
factors had specific components that were scored to create a sprawl index. Each of the four primary 
factors were equally weighted creating an average index of 100. Areas with scores over 100 were 
considered to be more compact and connected, while areas scoring under 100 were considered 
more sprawling.30 Some models also use more spatial methods to calculate sprawl, such as using 
land cover data or lot coverage to calculate percentages of undeveloped land in defined grid cells, 
while other models focus on population or housing density as their primary indicators. A portion 
of research, therefore, will be to evaluate these indexes to determine their usefulness to the larger 
goal of repairing the built environment. Although many of these indexes seem arbitrary, an 
effective methodology of quantifying the impact of a particular design solution on sprawl and 
fragmentation could give the designs a much-needed science-grounding that qualitative 
observation often lacks. For example, Rochester, New York has a sprawl index of 74.50 and ranks 
189 out of 221 metropolitan areas analyzed by Smart Growth America; the region used in several 
of the research papers (Burlington/South Burlington, Vermont) has a score of 135.06 and ranks 14 
out of the 221 areas examined.30 Even though these regions have a large gap between their scores, 
both still have ample opportunities for re-greening and restoration projects that could contribute to 
sustainability. However, Rochester may require more strategies to reverse irresponsible 
development while Burlington may require more strategies to prevent further irresponsible 
development. In either case, the index yields a baseline that can be used to measure the 
effectiveness of a particular strategy. It would be interesting to see how significant the score would 
change (or not) using some of the proposals in the published work, including the regional rail, the 
adaptive reuse of the carriage barn, or the tunneling/bridging of a road, to mention a few.  
 
Since the research will require tangible sites, a community-based, collaborative approach can 
more-effectively inform the process. For example, the University at Buffalo School of Architecture 
and Planning is home to the UB Regional Institute/Urban Design Project (UBRI). As stated on 
their website, the UBRI’s mission is to “work alongside community members, government 
officials and policy leaders, and take an objective approach in understanding complex issues and 
translate them into useful and relevant information. Grounded in the discipline of academic 
research and analysis, the UBRI looks for solutions that are data-driven and relevant. Their 
networks within the university, business community, and public service realms enable them to 
draw from diverse perspectives and offer innovative and individualized solutions to drive change 
and progress for their funders, clients, and partners.”31 The UBRI takes community projects to the 
design studio as well, allowing students to test their theories in practice. Although recently defunct, 
another example of design-community collaboration was the Vermont Design Institute (VDI), a 
non-profit organization incorporated in the state of Vermont with a mission “to facilitate 
community planning and design at the local level, provide hands-on education about creating 
livable, sustainable communities, and promote holistic design as a tool for problem-solving.”32 
Establishing a new, community-based research collaborative, therefore, can be paramount in 
advancing the research.  
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The following summarizes the research questions, objectives, and methodologies in future 
research: 
 
 Research Questions 
 How can more granular natural systems data identify and prioritize built-natural conflicts 

and contribute to sustainability in the built environment? 
 What design challenges and solutions does the data provide?  
 What is the best way to measure the impact of a particular design solution on both 

ecological and social fragmentation/sprawl? 
 

Aims/Objectives 
 Identify tertiary ecosystems at building/parcel scales and their potential connections to 

larger ecosystem blocks  
 Establish a community-based research center to foster holistic design solutions at granular 

scales and demonstrate how such solutions connect to the larger regional network of green 
infrastructure 

 Establish a more contiguous network of green infrastructure 
 Establish strategies to reverse sprawl   
 Review current quantitative measures of habitat fragmentation, sprawl, and social 

fragmentation 
 Use a selected index (or create a new index) to calculate the impact of design strategies on 

sprawl and fragmentation  
 
Methodology 
 Collecting natural systems data at urban/parcel scales and juxtaposing it with existing 

regional biodiversity data layers 
 Identification and prioritization of built-natural conflict areas (ecological and social 

fragmentation) 
 Measure impact of design solutions on sprawl and fragmentation using existing and/or new 

method identified in aim/objective  
 
 
 
In addition to the ecological and social fragmentation research discussed above, there are several 
other areas of related research that would complement the existing body of work. For example, the 
COVID-19 pandemic has changed the ways in which we work and live and has spawned additional 
research into space use and efficiency. As mentioned above, data from Global Workforce 
Analytics indicates a majority of people desire to continuing working from home even after the 
pandemic declines in severity. The remote working coupled with the ubiquity of the virtual 
environment could potentially produce a significant increase in vacant office, retail, and 
commercial space. These trends present an apt opportunity to apply some of the strategies 
discussed in the published work, or more specifically the adaptive reuse of vacant space, the 
removal and/or reduction of roadways, parking surfaces, and vacant buildings, and a concentrated 
effort to re-condense development into more-compact nodes. It also presents an opportunity to 
improve the living conditions in dense urban areas by converting commercial space to residential 
space and by integrating pedestrian and ecological connections in spaces where impervious surface 
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can be reduced/removed. In addition to the master planning efforts for the campus, future research 
could be devoted to regional and community master planning that address these new trends.  
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Today’s landscape designers must meet ever-increasing demands to build, while 
conserving open space and natural resources. The University of Vermont’s 
Michael Richards, considers the strategies used to solve this paradox and says 
that by re-evaluating ‘dead’ spaces we can design in harmony with the landscape.

Asphalt, concrete rooftops, roads 
and parking lots cover up to 70 
per cent of land area in dense 

cities like New York, while open space in 
sprawling cities such as Phoenix, Arizona is 
lost to development at a rate of 1.2 acres 
per hour.

As the surface of the earth becomes 

increasingly developed and impermeable, 

water runoff increases and there are 

decreases in infi ltration and groundwater 

construct big-box structures and undercut 

independent businesses. Land values 

around or in proximity of freeways and 

shopping centres decline.  

Regreening practices can restore the 

wasteland back to its natural state. When 

the natural features of a landscape are 

reclaimed, quality of life, aesthetics and 

land values can increase. New recreational 

activities such as cycling or fi shing attract 

business, residents and tourists, ultimately 

creating new employment opportunities 

and capital for the region. 

Conserving land and constructing new 

infrastructure have historically been at 

discord with each other. The fi elds of design 

and engineering often view stringent land 

use regulations or the lack of available land 

to develop as a mere nuisance. 

Many land-locked urban areas have 

responded to such an open space crunch 

by building up, hence the era of the 

skyscraper in the early and mid 20th 

Century. Other regions, such as Portland, 

Oregon, have tackled the issue through 

master-planning urban growth boundaries 

that foster compact development, conserve 

open space, and prevent sprawl.

Although master planning and 

designating forever-wild or ‘no-build’ sites 

is essential for the conservation of land, 

we must also consider strategies that add 

new living space while conserving or even 

creating open space.

Rooftop architecture
Rooftop surfaces represent a signifi cant 

portion of surface area in the built 

environment that have been underutilised 

as functional space. Rooftops can become 

outdoor terraces or gardens (green roofs), 

or can be transformed into penthouse style 

apartments, studios, or offi ces. 

In dense urban areas, rooftops can be 

connected via inter-building walkways, 

ultimately creating an entirely new 

surface plane above the ground that can 

be programmed for spatial needs. The 

building-to-building connections can also 

be designed to be more than just mere 

circulation corridors, but can actually 

contain usable offi ce and living spaces. 

Utilising the voids at upper levels between 

buildings provides a means of adding 

new space without adding additional 

recharge. Streams and water bodies become 

polluted and are subject to extreme fl ooding 

during wet cycles and severe drought during 

dry cycles. As groundwater is leached, land 

settles or subsides.  

The consumption of open space by 

highways, parking surfaces and box retail has 

also caused economic blight. 

The pattern is all too familiar, especially in 

north eastern ‘rust belt’ cities in the US. City 

centres become old, congested and polluted. 

Since it is easier and cheaper to build new 

structures in the suburbs in most regions, no 

effort is made to renovate the buildings and 

infrastructure in the city, residents fl ee to the 

suburbs and businesses and industry close, 

struggle or vacate the city. 

Highways are then constructed to 

connect the suburbs and the city. Suburbs 

are developed in a dispersed, non-compact 

fashion, which in turn causes auto-

dependency and subsequent road expansion. 

New corporate retailers invade and 
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impermeable density to the ground. 

Rainwater and sunlight can still permeate the 

structure and the need to break ground on 

undeveloped land is prevented.   

Green roofs 
Green roofs can be designed for both new 

and existing structures. Such systems usually 

consist of vegetation and growing medium 

atop layers of drainage and waterproofi ng 

and are classifi ed as extensive or intensive. 

Extensive systems are lightweight with 

roughly 3-4 inches of soil and contain low-

maintenance, hardy vegetation. Intensive 

TOP: Figure 1. Typical indoor shopping mall.

ABOVE: Figure 2. Shopping mall with green 

roof and surface parking removed.

systems have soil depths greater than 

four inches and support more varieties 

and larger sized vegetation. Green roof 

systems originated in Germany and are 

quite widespread throughout Europe due 

to Governmental legislature and fi nancial 

support. However, the technology is star ting 

to catch on in North America. Chicago, 

Illinois is the leader in America with roughly 

2.5 million square feet of green roofs 

installed, planned or in construction as of 

2005.

Rooftops are indeed a major culprit of the 

urban heat island effect, and along with other 

impervious building, roadway, and parking 

surface infrastructure, can make urban 

areas on average of 2-8 degrees fahrenheit 

warmer than surrounding areas. An asphalt, 

tar or gravel rooftop typically absorbs 

around 85-90 per cent of solar radiation and 

refl ects 10-15 per cent. Higher absorption 

and lower refl ection raise the temperature 

of a material. Warmer temperatures increase 

energy demand and foster formidable 

conditions for the formation and trapping of 

smog and air pollutants. 

Data from several test sites shows that 

greening rooftops can effectively combat the 

perils of urban heat islands. On a summer 

day, a typical asphalt roof can reach up 

to 160 degrees fahrenheit, while a green 

roof rarely exceeds 80 degrees fahrenheit. 

The National Research Council of Canada 

has shown green roofs to decrease the 

average daily energy in a 400 square foot 

test building by over 75 per cent, and 
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“When the natural features 

of a landscape are reclaimed, 

quality of life increases.”

Environment Canada formulates that 

greening six per cent of Toronto’s rooftops 

(70 million square feet) would decrease 

summer air temperatures between 1.8 

and 3.6 degrees fahrenheit; a 1.8 degree 

temperature reduction is equal to a fi ve per 

cent reduction in cooling.

In addition to decreasing temperature, 

green roofs also have the potential to 

balance the hydrologic cycle by absorbing 

rainwater, fi ltering pollutants, and mitigating 

the spillage issues associated with combined 

sewer overfl ows (CSO’s) where sewage, 

industrial wastewater and stormwater 

are channeled into a single wastewater 

treatment plant. Extensive green roof 

systems can retain 50 per cent of a one 

inch rainfall and 50-75 per cent of rainfall 

annually, and can delay runoff about four 

hours and slow it 42-96 per cent. 

As mentioned above, green roofs can 

also be integrated into a larger ecological 

framework. Green rooftops from various 

buildings can be connected to each other 

and/or to other parks, natural areas, or 

riparian corridors to create a cohesive 

network of greenspace on community, 

urban and regional scales. Such a matrix 

provides habitat for birds and insects and 

improves the quality of life for humans on 

environmental, social, psychological and 

economical scales. Green or living walls 

can be applied to interior or exterior wall 

surfaces and can be constructed similar to 

and yield the same benefi ts as green roofs. 

Greenspace on rooftops, wall surfaces and 

ground planes can then be networked to 

form a cohesive urban forest. 

Figure 1 illustrates a typical shopping centre 

outside of Rochester, NY that is common 

throughout most suburban communities in 

North America. To get a sense of scale, this 

particular mall contains roughly 1,300,000 

gross square feet. As a comparison, the 

average indoor shopping mall in America is 

roughly 56,000 square feet, and malls such as 

the King of Prussia Mall in Pennsylvania and 

The Mall of America in Minnesota approach 

the 3,000,000 and 4,000,000 gross square 

feet ranges, respectively.

As opposed to a tall skyscraper 

structure, malls generally tend to be built 

in a horizontal manner. Such horizontality 

combined with the vast surface parking 

necessary to access the malls equates to a 

massive amount of land consumption. Figure 

2 shows the same mall with a green roof 

system. The rendering also shows the surface 

parking removed in lieu of an underground 

parking structure. In addition to the 

advantages mentioned above, functional 

green roofs can also be used as terminals 

for elevated transit systems and can provide 

sites for wind turbines or solar energy arrays.

Bridging buildings
As mentioned above, green roofs on 

different buildings can be bridged and 

networked as a cohesive whole. 

Connecting rooftops ideally works the 

best when buildings are of similar height. 

However, since buildings are frequently of 

varying sizes, shapes and elevations, bridging 

often requires a series of catwalks employing 

a ‘chutes and ladders’ framework.

Figure 3 demonstrates how multiple 

rooftops with similar elevations in an urban 

setting can be connected with walkways to 

create an entirely new plane elevated above 

the ground. Note that in both examples, 

the ‘bridges’ can be more than just mere 

walkways, but can also contain multiple levels 

of programmable space. 

ABOVE: Figure 3. Buildings connected via bridges 

that can contain programmable space.

Michael A. Richards earned a B.S. in 

Environmental Science and a M.Arch in 

Architecture from the University at Buffalo, 

The State University of New York. Michael has 

worked in teaching, research and administrative 

capacities at several colleges and universities, 

including the University at Buffalo, Buffalo 

State College, the University of Vermont, Erie 

Community College, Vermont Technical College, 

and the Community College of Vermont. He has 

devoted his career to sustaining Earth’s future 

by discovering new ways in which the built 

environment can coexist with the natural realm.  

In 2009, Michael published the book, ‘Regreening 

the Earth in the 21st Century’, that discusses 

some of these very ideals and the relationship 

between architecture and nature.
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Although small compared to the square 

footage of an entire building, such space 

begins to add up and can add desired area 

to urban settings where open space for 

new construction is scarce.

Earth sheltering and 

underground structures

Using the ear th to shelter por tions of a 

structure is essentially similar to a large-

scale intensive green roof system. However, 

for classification purposes of this paper, 

if three or more surfaces of a structure 

(ground, roof and wall) are buried in the 

ear th, it is considered an ear th-sheltered 

structure rather than just a green rooftop.  

Figure 4 shows how ear th sheltering can 

both solve design challenges of sloped or 

varying levels of topography and can create 

an intriguing hierarchical arrangement of 

space. The roof is utilized as functioning 

space and light is brought into the structure 

through raised skylights. The rear por tion 

of this par ticular facility also contains an 

underground parking garage. 

Figures 5 and 6 demonstrate an ear th-

sheltered design strategy that terraces the 

rooftops to create a cascading array of 

ABOVE: Figure 4. Earth sheltering. The roof is a terrace and roadway for an upper ground plane..

usable green space. Since the form of the 

building forms a “theatre in the round”, 

the rooftops can also be used as seating 

for concer ts and events. The wings of the 

structure form a bridge that unites the two 

sides of the campus currently fragmented 

by the road. In this case, the structure 

actually creates greenspace on a site that 
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was previously consumed with surface 

parking.

Infiltrating structures
A unique alternative to conserve nature 

without applying green space to a surface 

or using the ear th to cover the structure is 

to  allow the landscape into and/or through 

the space by building around the vegetation 

and fauna. Early renditions of this concept 

date back to ancient Greece and Rome 

where open, peristyle cour ts were placed 

in the centres of the spaces to funnel 

natural light and the collection of rainwater. 

Cour tyards and atria can indeed break up 

a structure with a large footprint and can 

decrease the overall density of a project if 

strategically designed.   

Buildings and rooftops can also be 

designed like lattices or ribbons where 

spaces occupy the solids and vegetation 

pierces through the voids. The voids can 

be large enough to allow a cluster of 

vegetation to penetrate, or can actually 

be constructed with the vegetation in the 

fashion of a tree house. A post and beam 

lattice system can actually weave a heavily 

forested area and prevent unnecessary 

removal of trees and excavation of the 

ground.  

Conclusion
As we enter the 21st Century, the ever-

increasing human footprint will continue 

to consume natural resources and open 

space and ultimately test the limits of our 

ecosystems. Since growth and development 

are inevitable, humans must solve the 

paradox of being able to meet the 

infrastructure and spatial needs of society 

while simultaneously conserving the natural 

environment.

Indeed, a paradigm shift needs to 

occur between the relationship of the 

built environment and nature. In the past, 

the two have frequently been treated as 

separate entities – design a building, a 

road, or a parking lot and place it on the 

land. A different approach would be to 

first examine the land and surrounding 

environment and formulate a design 

solution that minimizes destruction to 

habitat and open space and aesthetically 

TOP: Figure 5.Terracing or ‘stepping’ a structure creates usable, 

green surfaces

ABOVE: Figure 6. Plan showing how terracing green roofs can 

create usable green space

fuses the structure with the surroundings. 

It is quite plausible that a building be 

designed that actually creates green space; 

likewise, a roadway can be a park, an alley 

a wildlife corridor, a parking surface a 

garden. It is really a matter of shifting our 

preconceptions of how we define space, 

structure and nature. The three can be 

indeed be one in the same.

“Examine the land and 

surrounding environment 

and formulate a design 

solution that minimises 

destruction to habitat 

and open space.”
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DIARY OF 
EVENTS

Unless otherwise indicated, all LONDON 
events are held at The Gallery, 70 Cowcross 
Street, London EC1M 6EJ at 6.30 pm. Tickets 
can be purchased at the door from 6.00pm 
priced at £3.00 for full price UDG members 
and £7.00 for non-members; £1.00 for UDG 
member students and £3.00 for non-member 
students.

WEDNESDAY 13 JULY 2011
India
The urban population in India is now in excess 
of 300 million. Malcolm Moor, topic editor of 
issue 119 of Urban Design, leads an evening 
looking at the massive challenges and oppor-
tunities this poses for urban design. Speak-
ers include Tim Catchpole (Halcrow), Prof 
Christopher Benninger (CCBA), Ripin Kalra 
(WSP) and Noha Nasser (Urban Renaissance 
Institute, University of Greenwich).

THURSDAY 8 SEPTEMBER
The High Street
Joanne Cave of David Lock Associates will 
lead this event, focusing on the future of the 
High Street. With internet sales capturing an 
ever increasing part of place-based retail, all 
types of shop are being hit, from small family 
owned businesses through to internationally 
owned chains. But will the High Street be the 
hardest hit or the car-dependent retail parks? 
What urban design options are available to 
prevent a retail implosion?

THURSDAY 13 OCTOBER
Transport Interchanges
The quality of transport interchanges is an 
essential component of sustainable trans-
port. This event will look at recent new build 
and refurbishment projects, considering ex-
amples of current best practice. Issue 120 of 
Urban Design, edited by Sir Peter Hall, forms 
the basis of the evening with speakers includ-
ing John Dales from Urban Initiatives.

20-22 OCTOBER 2011
THE NATIONAL CONFERENCE ON 
URBAN DESIgN 2011
Cities 2030 - Live, Work, Play
The Urban Design Group’s annual conference 

for 2011 is being run in collaboration with the 
University of Greenwich and will take place 
at venues around Greenwich and Deptford, 
including the Stirling Prize winning Laban 
Dance Centre. 

The conference will address how we work 
towards creating viable, lively and sustain-
able cities for the future, with – on the eve 
of the Olympics – a particular focus on how 
such major events as this can bring about 
real and durable change. 

With first rate speakers, original research 
findings, tours and exciting venues, the UDG’s 
conference brings together the whole urban 
design community and is an event not to 
be missed! Contact admin@udg.org.uk for 
further information.

TUESDAY 8 NOVEMBER
Urban Design Communication
Exploring the latest strategies, techniques 
and technologies for the most effective com-
munication in urban design with Bally Meeda 
of Urban Graphics (author of Graphics for 
Urban Design) and Janine Tijou, Director of 
Architectural Visualisation Experts Design 
Hive.

DIRECTOR’S 
REPORT

The future of urban design education was 
the focus of the May 2011 Education Sym-
posium held in Birmingham at the offices of 
MADE.  Representatives from eleven courses 
from across the UK discussed subjects rang-
ing from research to student enrolment.  

The event began with a review by John 
Billingham of the history of urban design edu-
cation as recorded by past editions of Urban 
Design. In the ensuing discussions, it became 
clear that the pattern of urban design 
education is changing. Formerly, students 
comprised a mix of direct entrants, largely 
from architecture and planning courses, 
augmented by a strong cohort of part-time 
students.  In recent years part-time numbers 
have declined, and there are many more 
international students.  It is clear that the 
part-time students have helped some of the 
universities to develop strong associations 
with local authorities and practices within 

their area.  There were several advantages in 
this partnership, both in terms of students 
obtaining relevant experience, and the em-
ployers obtaining designers with an in-depth 
knowledge of the area.  These associations 
may now be at risk.  The increased numbers 
of international students create a challenge 
in terms of teaching across different edu-
cational cultures, and a potential clash be-
tween international urbanism and local urban 
traditions.  One contributor sagely observed 
that in Britain urban design is in many ways 
a reaction to modernism, whereas in many 
developing countries urban design is not 
about the traditional vernacular, but rather, 
about ‘re-treaded modernism’.   Yet there can 
be no doubt of the vibrancy that comes with 
an international perspective. 

While traditional teaching methods will 
continue to be the mainstay of university ed-
ucation, a number of courses are embracing 
the latest generation of ICT technologies both 
for networking and exchanging knowledge, 
including on-demand lectures and innovative 
participative design tools.   We should not 
be surprised if in future years we see some 
urban design courses provided exclusively 
on-line, especially given the increasingly 

global nature of urban design education. 
Research was discussed at length.  In 

the majority of professional fields there 
is a researcher-practitioner gap, which is 
unhealthy for many reasons.  It means that 
researchers are denied the satisfaction of 
seeing their research put to good use or even 
debated, while practitioners risk ploughing 
on in the old ways, slowly turning what were 
once enlightened principles into doctrine and 
dogma.  This was one of the main criticisms 
of 20th century street design practice and 
we should address it before it becomes a 21st 
century issue.  There was a strong consensus 
that there is plenty of scope to make theses, 
dissertations and core research projects a 
good deal more visible, and that the UDG 
should help. 

The UDG Education Group is considering 
how best it can support urban design educa-
tion, and looks forward to collaborating en-
thusiastically with universities in the months 
and years to come.   

Finally we would like to express our 
thanks to David Tittle at MADE for hosting the 
event.

• Robert Huxford with Katy Neaves

VIEW FROM THE 
CHAIR

As Chair of the UDG I was recently invited 
to a workshop-based conference held in 
Rotterdam and entitled Making Successful 
Cities. This event was part of the ‘Apeldoorn: 
A British-Dutch Dialogue’ series organised by 
the British Council annually for the last dec-
ade. The concept of this Dialogue is rooted in 
the idea of focusing both on characteristics 
shared by British and Dutch cultures, as well 
as those in which the cultures differ, with the 
end result being mutual lessons learned and 
commonalities shared.

The concept is excellent and creates a 
good basis for discussion, as the initial chal-
lenge of finding cultural similarities and dif-
ferences is a positive experience. The opening 
presentations focused on strategic and socio-
economic issues – two British and two Dutch 
speakers talking about cities and regions, 
with comparisons between London and the 
South-East, versus the Randstad area of the 

Netherlands which includes most of their 
major cities and towns. This comparative ap-
proach of physical areas provided very useful 
information for the following workshops.
The conference is designed to be participatory 
rather than just focusing on major speakers, so 
two half day workshops followed the intro-
ductions and I joined the ‘Urban Space’ team 
expecting to be discussing aspects of physical 
space and its role in city-making. However, the 
origin of the Dialogue idea in political circles 
became apparent as the discussion was hard 
to shift from governance, socio-economic 
issues, infrastructure and policy. This was a 
good reminder that quality public realm needs 
strong political champions and a secure basis 
in planning policy.

Of the 20-odd members of my work-
shop, only myself and Kees Christianse from 
KCAP were urban design practitioners, and 
although there was plenty of support for 
the promotion of excellent public realm as 
a fundamental aspect of ‘making successful 
cities’, our minority position did highlight the 
fact that urban designers are a small group 
and we all need to talk a little louder, in all 
forums, to get quality urban realm principles 
firmly onto the agenda. 

The final summaries of the workshops 
produced some interesting angles on the es-
sentials for successful cities: 
•   Excellent connections – public transport, 

energy sources, reliable superfast broad-
band, high capacity phone systems

•  Political leadership and integrated vision 

•  High quality urban public realm, includ-
ing streets, and easy access to open green 
space

•  Strong knowledge economy – respected 
educational institutions and universities

•  Strong creative and cultural economy – 
vibrant arts community, innovative small 
business community

The final discussion centred on the differ-
ences between Dutch and British (or maybe 
just English?) attitudes to city living, and a 
plea from one delegate for greater ‘urban 
likeability’ in the UK. The questions were: 
how can we make English cities more like-
able, and how can we make the English like 
living in them more? A small urban design 
challenge: is this as simple as providing high 
quality public realm everywhere? Answers on 
a postcard please. 

• Amanda Reynolds
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TRAFFIC ENDANgERS THE VILLAgE OF SHELBURNE
Michael A. Richards suggests alternative strategies to diminish the impact of roads

In a country that is plagued with urban 
decay, congestion, and sprawl, the State 
of Vermont is one of the few places where 
open space is still ample and cherished as 
a resource. Vermont’s natural attributes 
attract many for recreation, respite, or 
mere observation, and that also entices 
many to make it their permanent home. 
As more people migrate to Vermont, 
more space is needed to accommodate 
them. This presents a Catch-22 scenario 
for Vermont, since it must provide 
habitat to people without degrading 

the one thing they came for in the first 
place – open space. Although not to the 
magnitude of most American metropolitan 
areas, Vermont’s recent trends are 
starting to produce sprawled patterns of 
development, car dependency, roadway 
expansion and congestion. 

When traffic congestion becomes 
intolerable, the traditional remedy has 
been to simply widen the roads. Roadway 
expansion would work if population 
growth and the number of vehicles on the 
road remained stagnant. But as history 
has demonstrated, this is not the case. 
‘In 1920, there was one passenger car 
for every 13 Americans; in 1930, two for 
every eleven; by the late 70s, one car per 
every two people….In 1921, there were 
only 387,000 miles of surfaced roads; this 
number would triple by 1940.’ Worldwide, 
the patterns are similar. Eventually, 
the very roadways that were designed 
to alleviate traffic actually invite more 
congestion. Open space is consumed 
by seas of concrete that fragment 
communities, disrupt habitat, and pollute 
waterways due to increased runoff from 
impermeable surface area. 

The State of Vermont is not immune 
to such trends. As of 2000, it had a total 
of 514,883 registered vehicles and a 
population of 608,827 which was roughly 
845 registered motor vehicles per 1000 
people; data from 2010 shows this has 
jumped to 909 registered motor vehicles 
per 1000 people. As a comparison, the US 
average in 2010 was 820. Other data from 
the US Bureau of Transportation statistics 
in 2000 shows Vermonters travel 11,184 
highway vehicle miles per capita, which 
ranks as the 15th highest among the 52 
states. This is not surprising as public 
transportation only accounts for 0.8 per 
cent of commuter travel in Vermont, with 
the vast majority (77.8 per cent) belonging 
to car, truck or van.  

THE CASE STUDY: ROUTE 7 
THROUgH SHELBURNE VILLAgE
US - Route 7 is a 308-mile north-south 
highway that runs from Norwalk, 
Connecticut to Highgate, VT. Due to the 
geography of Vermont - including Lake 
Champlain to the west and the Green 
Mountains to the east - Route 7 has 
become a major north-south artery for 
interstate trucking, tourists and local 
commuter traffic. To accommodate 
the increase in traffic in recent times, 

the primarily two-lane road has been 
expanded to four lanes in several sections, 
including the section north of Webster 
Road in Shelburne and South Burlington. 
The widened lanes have invited further 
traffic which has in turn caused extreme 
bottlenecking in the two-lane sections that 
pass through the Village of Shelburne. For 
residents and businesses along Shelburne 
Road, the noise is frequently at levels that 
make it difficult to have a conversation, 
listen to the radio/television, and/or sleep 
soundly through the night, not to mention 
air quality concerns, fuel consumption 
from idling, and safety difficulties in 
navigating across the road on foot, bike, or 
wheelchair. 

This article presents three strategies 
for Route 7 in the Village of Shelburne, 
including tunneling, constructing 
pedestrian bridges, and constructing 
pedestrian underpasses. These are 
conceptual only and not intended to serve 
as actual proposals for the site. Neither 
are the strategies meant to be exclusive – 
various combinations could be applied to 
the given site.

BURYINg ROADWAYS
Underground engineering achievements 
can be dated back to the prehistoric caves 
of the Stone Age. Since then, various other 
sub-grade marvels have been achieved 
in projects such as the 34-mile Seikan 
Railroad Tunnel beneath the Tsugaru 
Strait, the Channel Tunnel constructed 
under the English Channel, and the more 
recent Central Artery/Tunnel Project in 
Boston, Massachusetts. The tunneling of 
roads and highways through hillsides or 
mountains was traditionally viewed as a 
way of simply connecting two points via 
the shortest distance. The mountains and 
nature were thought of as a nuisance to 
the engineering process. In modern times, 
however, this paradigm has shifted. As 
green space and natural surroundings 
become increasingly endangered 
and as our planet continues to warm, 
engineers and designers are now looking 
at tunneling strategies from a different 
perspective. 

A proposal to bury 1.5 miles of Route 
7 from the jug-handle at Webster Road 
south through the Village of Shelburne to 
the Bostwick/Marsett road intersection 
would provide a fast, uninterrupted route 
through the village for through-traffic 
and interstate trucking. Local traffic 

could exit onto the existing surface road 
via feeders at the Webster Road jug-
handle and at the Bostwick/Marsett Road 
intersection. Illustrations show a three-
dimensional massing model of the road/
tunnel configuration at the Webster Road 
jug handle and a conceptual sketch of the 
tunnel at the same location. 

PEDESTRIAN BRIDgES
An alternative to burying or tunneling 
roadways is to merely bridge or ‘lid’ 
over the top of roads. Such projects 
can be massive land caps or can be 
simple pedestrian walkways elevated 
or constructed at grade where the road 
layout is already below the grade of the 
adjacent surrounding land. Pedestrian 
bridges can be constructed with minimal 
disruption to the existing traffic flow and 
can ultimately reconnect neighbourhoods 
divided by multiple lanes and fast moving 
traffic. The Lid in Seattle, Washington, 
Riverfront Park in Trenton, New Jersey, 
the Vancouver Land Bridge in Washington 
State and Interstate-35 in Duluth, 
Minnesota are successful examples of 
completed pedestrian bridges. Pedestrian 
bridges could be implemented at various 
sites along Shelburne Road, including the 
Harbor Road intersection, the Shelburne 
Green, or at the covered bridge at the 
Shelburne Museum, to mention a few. 

PEDESTRIAN TUNNELS
An alternative to tunnelling the road 
under the land or providing a pedestrian 
or land bridge above the road is to tunnel 
pedestrian, wildlife and/or green space 
under the road. At Banff National Park in 
Canada, various sizes of wildlife crossings 
were constructed both above and under 
the Trans Canada Highway. ‘The crossings 
range from two 50-metre wide overpasses 
that allow animals to safely cross the 
highway between the town of Banff and 
Castle Junction, to 21 less visible culverts 
and creek bridges.’ Pedestrian tunnels 
can be narrow and used for sidewalk or 
bicycle lanes or can be wider sections 
that accommodate larger masses of 
pedestrians and/or wildlife.

CONCLUSION
Since the mid 20th Century, many 
communities in the United States have 
experienced a loss of natural habitat 
and open land as the result of roadway 
expansion, sprawl and misguided and 

irresponsible land use regulations. 
Although the State of Vermont still has 
an abundance of open land as compared 
to other regions in the nation, recent 
patterns of development and traffic 
congestion show that it is not immune 
to the perils of urban sprawl and land 
degradation. Roads are being widened, 
shopping plazas are being constructed, 
and housing developments are rapidly 
spreading across open space. Vermont is 
at a critical crossroads in its history: can it 
continue to have growth but still conserve 
open space?

Buried roadways and pedestrian 
overpasses and/or underpasses can 
decrease vehicular congestion, reconnect 
fragmented communities, and provide 
spaces that are better suitable for humans. 
Although this article focused on the village 
of Shelburne, such strategies can also be 
integrated with auto-alternative forms 
of transportation that can further serve 
as an impetus for re-greening roadway 
infrastructure. Existing freight rail lines 
can be used as light or heavy rail commuter 
transport and new forms of automated 
guideway transit, monorail and magnetic 
levitation technologies can be networked 
to further reduce the dependency on 
automobiles, vehicular congestion and the 
consumption of fuel and open space. 

A paradigm shift needs to occur 
in the relationship between the built 
environment and nature. The idea of a 
roadway as a mere link between two points 
with the sole intention of accommodating 
automobiles needs to be transformed 
to include environmentally, socially 
and economically sustainable design 
standards. Roadways are indeed public 
spaces and occupy a significant portion 
of the landscape; they can and should be 
planned, programmed and designed with 
the same conceptual framing as a park, a 
building or an interior space. Every green 
or re-greening project we conduct is one 
small part of the spoke - the spoke part of 
the wheel - the wheel part of the frame. 
Eventually, our efforts can be globally 
networked to improve the quality of life 
for humans and to sustain the health and 
ultimate existence of our planet. 

• Michael A. Richards is a facilities analyst in 
Campus Planning Services at the University of 
Vermont

↙ Two figure-ground maps of a 
Vermont landscape in 1937 and 
1995, left and right respectively
↙↙ Traffic Congestion on Route 7 
in the Village of Shelburne
↙↙↙ Massing model showing 
roadway and tunnel juxtaposition
↙↙↙↙↙ Conceptual sketch of 
tunnel at Webster Road

↓ Existing conditions covered 
bridge at Shelburne Museum
↓↓ Proposed Pedestrian 
Bridge at Shelburne Museum
↓↓↓ Existing site near 
Shelburne Green
↓↓↓↓ Proposed Pedestrian 
Tunnel at the Shelburne 
Green
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The Quaker Smith Point Water Silo: 
An Example of Adaptive Reuse

by  
Michael Richards

The conservation of historic resources has become an intricate 
science that employs a variety of professions, including architecture, 
history, engineering, and fine carpentry. Appropriate treatments must 
be determined based on a resource’s physical condition, historical 
significance, proposed use, and any requirements necessary to bring 
the resource up to current codes. In many cases, historic resources 
can be adapted for entirely different functions than originally 
intended without damaging their historic character. 

Although many adaptive reuse projects make headlines in 
newspapers and architecture periodicals, transformations that occur 
in our communities often go unnoticed. This article describes an 
innovative adaptive reuse project, the rebuilding of a water silo at 
Quaker Smith Point in Shelburne, Vermont.   

Quaker Smith Point

Quaker Smith Point is a teardrop-shaped peninsula that 
extends westward into Lake Champlain from the southwest 
shoreline of Shelburne Farms.  The point was first settled by 
blacksmith William “Quaker” Smith and his wife Elizabeth in 
1783.  The Smiths lived and farmed off the land at Quaker Smith 
Point, as it came to be known, and constructed a house and farm 
barns for animals and agricultural storage.   The property was 
handed down to William and Elizabeth’s grandson Isaac around 
1792.  When Isaac died in 1870, his wife initially leased the farm.
It became part of the Shelburne Farms estate when Seward and 
Lila Webb purchased the property in 1886.

According to Shelburne Farms historian Erica Huyler Donnis, 
“Seward and Lila’s eldest son, Watson Webb, was officially deeded 
Quaker Smith Point in 1913 when he chose Southern Acres as 
his portion of the outlying properties that Seward and Lila were 
dividing among their four children.  Watson expanded the property 
by constructing a new silo for water storage, a new sheep fold, 
extensions to the existing barns, and a new house for employees 
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and guests.  In 1935, Watson and Electra Webb gave their eldest 
son Sam use of the farmhouse. Sam also made several additions 
to the property, including a trophy house to showcase catches 
from his hunting voyages. Sam was then officially deeded the 
property in 1949” (The History of Shelburne Farms: A Changing 
Landscape, An Evolving Vision, p. 198). 

After Sam passed away in 1988, the property was split 
between his two children, Holly Webb Darling Froud and Sam 
Webb Jr. They eventually made the difficult decision to divide and 
sell the property to private owners. Jon Fishman, the drummer of 
the band Phish, purchased the 18-acre northern parcel of the point 
in the spring of 2004 and lived in what was once the employee/
guest house constructed by Watson Webb.  Michael and Karen 
Stone purchased the southernmost parcel comprising 15.7 acres in 
2004, and eventually purchased Fishman’s parcel in 2005.

The Stones have made some remarkable changes and additions 
to the property’s buildings and landscaping that have upgraded the 
site while still preserving the original colonial aesthetic imprinted 
by the Smiths and Webbs.  In 2004, the Stones hired Vermont 
builder Peter Close to disassemble and reconstruct the water silo.

The Silo

Cylindrical tower silos used for bulk storage have been 
constructed from wood, steel, rolled steel shells, concrete/stone/
brick block, or concrete staves. In the late nineteenth and early 
twentieth centuries, concrete stave silos were the most common 
due to ease of construction and concrete’s strong compressive 
strength suitable for storing tightly packed material.  The staves 
are small concrete blocks pieced together by tongue and groove 
joints and tightly wound by a steel hoop system to further 
compress the silo to prevent structural failure.  Silos with wooden 
staves, like the one at Quaker Smith Point, were also often 
wound by steel hoops.  The circular design of silos makes for an 
interesting space that can be adapted to a variety of functions.   
The simple construction also allows relatively rapid disassembly 
and reassembly that enables silos to be moved to and from 
different sites, an attribute that benefits both agricultural needs  
and adaptive reuse projects.  
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Photographs on the following pages illustrate the 
deconstruction-reconstruction process of the Quaker Point water 
silo. The renovated silo is about 22 feet in diameter, 30 feet in 
height, and contains about 760 square feet of interior space. The 
reconstruction features a stronger, light wood frame, red hand-split 
cedar shake siding, double-hung windows, and a conical metal 
roof.   The water cistern now sits below the silo and still functions to 
distribute water via the well across the property. A yoga studio and 
a meditation room occupy the ground and upper levels, respectively.  
Windows strategically placed around the circumference of the silo 
maximize natural light and provide breathtaking 360-degree vistas 
that showcase the rolling countryside and Green Mountains to the 
east and the glistening water of Lake Champlain and the Adirondack 
Mountains to the west. Much of the original exterior cedar wood 
was reused for finishes on the interior walls and other lumber was 
recycled for the spiral staircase.  The silo is naturally cooled by the 
gentle breezes of Lake Champlain in the summer and can be heated 
in the winter by propane.

Original silo showing water cistern inside. Courtesy of Peter Close.
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Cistern being disassembled and moved. Courtesy of Peter Close.

New structural framing. Courtesy of Peter Close.
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View of entrance on south facade. 

Second level meditation space finished with the old exterior boards.
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The Quaker Point silo project demonstrates how well 
components from older structures can be recycled. More importantly, 
it preserves a remnant of our cultural and historical heritage and 
demonstrates the potential splendor of adaptive reuse. Yesterday’s 
historical vestiges can become tomorrow’s active spaces, spaces that 
can both preserve the stories of the past while providing new life for 
the present and the future.

Acknowledgements. The author would like to extend very special thanks to Michael and 
Karen Stone for providing access to their beautiful property and giving him information on the 
silo at Quaker Smith Point. Builder Peter Close provided an array of images documenting the 
construction process of the silo.

http://www.uvm.edu/~hp206/2010
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Introduction 
 

The conservation of historic resources has become an intricate science that employs a variety of 

professions, including architecture, history, engineering, and fine carpentry.  Such resources can include 

buildings, structures, landscapes, sites, objects and entire districts.  Once a historic resource is identified, 

appropriate treatments must be determined based on the resource’s physical condition, historical 

significance, proposed use, and any requirements necessary to bring the resource up to current codes.  

Resources can be preserved if essential elements and materials are intact, restored if elements were 

modified from the original state, or rehabilitated if there is extensive damage.  It is often necessary to 

reconstruct and/or recreate elements that are beyond repair.  In many cases, uses can be adapted for 

entirely different functions than originally intended without altering their historic character.  Such 

adaptive reuse can provide a sustainable means of development by preventing unnecessary new 

construction and subsequent sprawl, and can rejuvenate urban centers, foster compact forms of 

development via urban infill, and preserve cultural heritage. 

 

Since the latter half of the 20
th

 century, adaptive reuse projects have been conducted across various 

urban and architectural scales ranging from entire districts to single living spaces.  Some prominent 

adaptive reuse projects include the transformation of the Bankside Power Plant to the Tate Museum of 

Modern Art in London (Tate Modern), the reclamation of the Emscher River in the Ruhr Valley of 

Germany, the High Line in New York City, and Centre National de la Danse in Paris, to name a few.  

Although many adaptive reuse projects make headlines in newspapers and architecture periodicals, 

many innovated transformations occur in our communities that often go unnoticed – i.e., “The Building 

Next Door.”  This paper features two relatively “underrated”, yet innovative adaptive reuse projects in 

Shelburne, Vermont including the conversion of a carriage barn into apartments at the Tracy House 

Complex, and the rebuilding of an existing water silo at Quaker Smith Point near Shelburne Farms.   

 

 

 

Barns 
 

Ever since the times of native Abenaki and first European settlers, the State of Vermont has been 

bequeathed with fertile soils, open land, temperate climate and ample natural resources that have 

cultivated a prosperous agricultural community. Such an agrarian lifestyle has indeed provided Vermont 

with a plethora of historic agricultural structures, some of which are still in use, some that have been 

restored, and some, sadly, that have been destroyed.  Such structures include barns, silos, carriage barns, 

milking parlors, stables, stalls, Quonset huts, sheds, and pavilions, to mention a few.  Many of the barns 

from the colonial period usually utilized heavy timber frame construction adjoined with mortis and 

tenon joint connections that provided sufficient strength to support the heavy loads from hay storage in 

the upper lofts.  Gambrel, mansard, hip and high-pitch gable roof systems were also used to maximize 

the hayloft area above the animals or carriages.  In recent times, barns have been reused for a variety of 

uses such as residential houses and apartments, restaurants, bars, athletic facilities, educational 

buildings, ski lodges, hotels, museums, markets, factories, office complexes, and retail stores.  This 
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paper will discuss an innovative conversion of a carriage barn in Shelburne, Vermont into three 

residential apartments. 

 

 

The Carriage Barn at the Tracy House 
Shelburne, Vermont  

 

The Tracy House Complex at 5224/5226 Shelburne Road in Shelburne, Vermont was built in 1878 and 

consists of the 2-1/2 story, Italianate/Gothic Revival brick house and the carriage house complex to the 

west.  The construction was commissioned by Charles Lee Tracy and designed by the Reverend 

Edgerton.  The main house was built with bricks recycled from the Methodist Church, also designed by 

Reverend Edgerton, that once occupied the land currently occupied by St. Catherine of Siena Church at 

72 Church Street between 1833 and 1877. 
1
  Lee Tracy was the grandson of Hezekiah Tracy who 

originally settled on what came to be known as Southern Acres at Shelburne Farms in the 1780s.  Lee 

moved into the brick house around 1882 after he sold Southern Acres to Seward and Lila Webb.  

According to Truman M. Webster in his book, Shelburne: Pieces of History (1994): 

 
Lee Tracy and his wife Adeline Amanda Peckham were the first to live in the house; Lee also operated a 

wool buying business out the house.  Lee died in 1897 and deeded the property to his eldest son, Julius.  

Lee’s other two sons, Henry and Charles, also lived in the house.  Henry lived there until his death in 1925 

and Charles built a studio adjacent to the first ell on the west side of the house in 1933 primarily to 

compose music and teach on his grand piano.  At this time, the Eastern portion of the house was occupied 

by Julius’s daughter Hannah and her husband Harris.  After Charles’s death in 1933, the house was deeded 

to Julius’s son Henry 2
nd

 and his wife Charlotte.  They rented the house to Dr. and Mrs. James Norton for 

14 years, and eventually decided to move in to the house in 1959.
2 

   

At the age of 98, Charlotte moved out of the brick house, and the property was sold to architect 

Frederick (Fritz) Horton in 1983.  Fritz and his firm, Horton-Ptaszynski Architects, simultaneously 

restored the historic elements of the property and modernized the infrastructure to accommodate 

residential and commercial activities.  In the main house, Horton and Ptaszynski constructed offices on 

the ground and second floors, a large studio in the attic for their firm, and two apartments in the two 

western ells.   The carriage barn was converted into three apartments.  Charlotte Tracy was a guest of 

honor at the completion of the renovations in 1984 and was extremely pleased with the preservation of 

the historical aesthetic and marveled at the innovation.  With respect to the carriage house discussed 

below, Charlotte stated, “That was a barn…we didn’t have any carriages, just a cow, a couple of riding 

horses, and some pigs…that’s who lived out there.” 
3 

Gillian (Jinx) Senior purchased the property in 

1991 and has maintained a mix of commercial and residential space.  Gillian also added a glass sunroom 

to the north façade of the carriage house in 2004.   

 

The carriage house complex consists of three interconnected buildings, which from north to south 

include what was once the actual carriage house, a farm barn for animals, and a storage shed.  The horse 

stall lights are still in place on the west elevations of the barn and shed sections.  The entire complex is 

roughly 3000 gross square feet, with the carriage house portion occupying roughly two-thirds of this. As 

previously mentioned, Horton and Ptaszynski designed three apartments in the complex – an upstairs 

and downstairs apartment in the carriage house portion, and a studio with a loft in the farm barn portion.  
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The shed portion is still used for storage.  All of the structures contain purple-slate gable roofs and green 

clapboard siding with light green eaves, baseboards and fascia boards.  

 

Two large bays of the carriage house are still evident on the east façade, with the southern-most bay now 

occupied by two entrance doors and the northern bay occupied by a pair of 6/6 sash windows.  The 

hayloft door on the east gable is also now a window for the upstairs middle apartment.  A cupola, 

originally intended for ventilation, still exists in the center along the ridge of the carriage house roof.  A 

window was placed on the south façade of the cupola that allows a majestic glow of light in the middle 

apartment.  The original shutters on the other facades of the cupola are still in place and provide an ideal 

roosting place for bats that have most likely used the barn as habitat since the time it was built.    

 

Structurally, the carriage house employs a heavy timber, post and beam construction with a modified 

form of a Queen Post/Room-In-Attic truss system for the roof portion.  As evident in Figures 3 and 4, 

Horton and Ptaszynski preserved these structural elements in the interior spaces of all three apartments.  

The new light wood frame structure was integrated between the heavy timbers. (Figure 7)  The Tracy 

House Complex was placed on the National Register of Historic Places in 1983.
1
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Figure 1: Carriage House in 1983 prior to renovations; Courtesy: Fritz Horton 
 
 
 

 
Figure 2: Carriage House after 1983 renovations; Courtesy: Fritz Horton 
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Figure 3: Interior of middle apartment looking toward the loft 
 
 
 

 
Figure 4: Interior of middle apartment showing exposed structural elements 
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Figure 5: Rendering of original heavy timber structural elements 

 

 

 

 
Figure 6: Perspective view of original structural elements 
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Figure 7: Light wood framing integrated with heavy timber construction 
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Silos 

 

Silos are structures used for bulk storage of material.  Agricultural silos were constructed to house grain 

or fermented feed (silage).  Silos can range from the massive concrete grain elevator complexes used for 

municipal storage of surplus farm materials (Figure 8), to the more common concrete stave silo evident 

on many farms throughout the countryside. (Figure 9) 

 

 
Figure 8: Grain Elevator in Buffalo, NY 
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Figure 9: Typical concrete stave agricultural silos on a farm in Shelburne, Vermont 

 

 

The cylindrical tower silo was invented by Franklin Hiram King, and can be constructed from wood, 

steel, rolled steel shells, concrete/stone/brick block, or concrete staves.
4
  Sizes can range anywhere from 

10-100 feet in diameter and 20-300 feet in height.  In the late 19
th

 and early 20
th

 centuries, concrete stave 

silos were the most common due to ease of construction and concrete’s strong compressive strength 

suitable for storing tightly packed material.  The staves are small concrete blocks pieced together by 

tongue and groove joints and tightly wound by a steel hoop system to further compress the silo to 

prevent structural failure.  Wood silos were also often wound by steel hoops.  Since the compressive 

forces are strongest toward the bottom, spacing of the hoops is often closer toward the bottom than the 

top of the silo.   

 

The circular design of silos makes for an interesting space that can be adapted to a variety of functions.  

The simple construction also allows relatively rapid disassembly and reassembly that enables silos to be 

moved to and from different sites – an attribute that benefits both agricultural and adaptive-reuse needs.  

Figures 10 and 11 show The Silo Restaurant in West Dover, Vermont that was originally constructed in 

Orwell, VT in 1890.  The silo was eventually taken apart, moved to its current location in West Dover, 

and reassembled.  The Silo also recycled a myriad of materials such as lumber, stone, equipment, tools, 

weather vanes, sleds, skis and toboggans from various farms throughout Vermont for the interior decor.
5
  

Figure 11 shows the interior of the actual silo portion of the restaurant with the blades from a windmill 

suspended from the center of the silo’s oculus.   
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Figure 10: Exterior of The Silo Restaurant in West Dover, VT 

 

 

 
Figure 11: Interior of The Silo Restaurant 
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Another disassembly/reassembly silo project was completed just outside of Stowe, Vermont in the town 

of Morrisville.  The top one-third of a tall wooden silo (Figure 11) was “popped” and moved from one 

farm a couple of miles down the road to a new location off Route 100 – a sort of “parent-child” 

relationship. (Figure 12).  Both silos were refurbished for living spaces.   

 

 
Figure 12: Original “parent” portion of silo 

 

 

 
Figure 13: “Child” portion of the silo in different location 
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Quaker Smith Point Water Silo 

Shelburne, Vermont 

 

Quaker Smith Point is a teardrop shaped peninsula that extends westward into Lake Champlain from the 

southwest shoreline of Shelburne Farms.  The point was first settled by blacksmith William “Quaker” 

Smith and his wife Elizabeth in 1783.  The Smiths lived and farmed off the land at “Quaker Smith 

Point”, as it came to be known, and constructed a house to reside in and farm barns for animals and 

agricultural storage.   The property was eventually handed down to William and Elizabeth’s grandson 

Isaac around 1792.  According to Erica Huyler Donnis in the History of Shelburne Farms (2010):  

 
After Isaac passed away in 1870, his wife Lucinda leased the farm to a tenant family and eventually sold it 

to Seward and Lila Webb in 1886.  Seward and Lila’s eldest son, Watson Webb, was officially deeded 

Quaker Smith Point in 1913 when he chose Southern Acres as his portion of the outlying properties that 

Seward and Lila were dividing among their four children.  Watson expanded the property by constructing a 

new silo for water storage, a new sheep fold, extensions to the existing barns, and a new house for 

employees and guests.  In 1935, Watson and Electra Webb gave their eldest son Sam use of the farmhouse.  

Sam also made several additions to the property, including a trophy house to showcase catches from his 

hunting voyages.  Sam was then officially deeded the property in 1949.
 6

   

 

After Sam passed away in 1988, the property was split between his two children, Holly Webb Darling 

Froud and Sam Webb Jr.  Holly and Sam eventually made the difficult decision to divide and sell the 

property to private residents.  Jon Fishman, the drummer of the band Phish, purchased the 18-acre 

northern parcel of the point in the spring of  2004 and lived in what was once the employee/guest house 

constructed by Watson Webb.  Michael and Karen Stone purchased the southern-most parcel comprising 

15.7 acres in 2004, and eventually purchased Fishman’s parcel in 2005. 

 

The Stones have made some remarkable changes and additions to the buildings and landscape of the 

property that have upgraded the site while still preserving the original colonial aesthetic imprinted by the 

Smiths and Webbs.  In 2004, the Stones hired Vermont-based builder Peter Close to disassemble and 

reconstruct the water silo.    Figures 14-17 illustrate the deconstruction-reconstruction process.  As 

evident in Figures 20 and 21, Close reused much of the original exterior cedar wood for finishes on the 

interior walls and recycled other lumber for the spiraling staircase.  Construction alignment lasers were 

used to ensure the accuracy of the circular geometry.  The renovated silo is about 22 feet in diameter, 30 

feet in height, and contains about 760 square feet of interior space. (~380 square feet on both levels). 

The new construction features a stronger, light wood frame, red hand-split cedar shake siding, double-

hung windows, and a metal conical-shaped roof.   The water cistern now sits below the silo and still 

functions to distribute water via the well across the property, and a yoga studio and a meditation room 

occupy the ground and upper levels, respectively.  Windows were strategically placed around the 

circumference of the silo to maximize natural light and provide breathtaking 360-degree vistas that 

showcase the rolling countryside and Green Mountains to the east and the glistening water of Lake 

Champlain and the Adirondack Mountains to the west.  The silo can be heated in the winter by propane 

and is naturally cooled by the gentle breezes of Lake Champlain in the summer.  Figures 18 and 19 show 

completed views of the south and west facades, respectively. 
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Figure 14: Original silo showing water cistern inside; Courtesy: Peter Close 

 

 

 
Figure 15: Cistern being disassembled and moved; Courtesy: Peter Close 
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Figure 16: New structural framing; Courtesy: Peter Close 

 

 
Figure 17: Structural framing showing roof; Courtesy: Peter Close 



16 

 

    
Figure 18: View of completed silo from Lake Champlain 
 

 

 
Figure 19: View of entrance on south façade 



17 

 

 
Figure 20: Interior of 2nd level showing meditation space  

 

 
Figure 21: Interior spiraling staircase 
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Concluding Remarks 
 

In view of the imminent environmental challenges our planet faces, much attention in the design 

community has focused on sustainable and green notions of design.  One approach that if often 

neglected as a “green strategy” is the reuse of existing structures.  As stated in the opening of this paper, 

some structures have often deteriorated beyond repair and it is often less expensive and easier to simply 

build a new building.  Ironically, in many of the green building rating systems such as LEED 

(Leadership in Energy and Environmental Design), it is often easier to gain credits by constructing a 

new structure than it would be to restore an existing structure, especially if the existing structure has 

historic or aged features that would prohibit the application of potential “green-credited” technologies.  

Designers should be aware that reusing existing building stock without gaining LEED status can be 

equally, if not more environmentally conscious than building a new structure that is granted LEED 

status.  The most obvious reason for this is the conservation of land and natural resources.  With 

increases in population, automobile dependency, roadway expansion and sprawled patterns of 

development, open space is indeed becoming an endangered resource.  Recycling entire buildings and/or 

materials from buildings can prevent further land consumption and resource extraction for new 

construction.  In urban or village settings, reusing buildings can rejuvenate communities and foster 

compact, mixed-use patterns of development.  

 

Recycling components from older structures is also a way to obtain quality materials. Many of us have 

heard the expression from our parents, grandparents or older relatives, “they just don’t build them like 

they used to.”  This is a somewhat sad, but poignantly true expression.  Due to the endangerment of old 

growth forests, heavy timbers used by our ancestors may be the last of their kind.  Modern heavy timber 

construction usually utilizes glue-laminated strips of lumber to simulate heavy logs.  The timber of 

yesteryear has essentially become an antique, and should be valued and preserved appropriately.  In 

addition to the elaborate structural components, the quality of historic construction can also be seen in 

the details.  Vintage wainscoting, crown moldings, balustrades, tongue and groove wood siding, finials, 

roof cresting, Venetian windows, panel doors, marble and terrazzo floors and slate roofs, to mention a 

few, are becoming ancient practice executed by rare groups of carpenters/craftspersons with the 

sufficient artistic and technical expertise necessary for their fabrication.   

 

Many would argue, however, that the most important reason to reuse structures is to preserve the 

remnants of our cultural and historical heritage that have shaped our present and will continue to 

influence the future.  Sometimes, all we have remaining of the past is an artifact – a picture, a painting, a 

book, a piece of jewelry, and yes, even an entire building.  It is these very artifacts that tell the stories 

and preserve the memories of our historical journey on this planet.  It is not too difficult to imagine the 

life of Lee Tracy in the late 19
th

 century when walking through the halls of the Tracy House, or to 

fathom that animals and hay once occupied the now plush apartments in the Carriage House; it is also 

probably not difficult to get goose bumps when meditating in a space that once housed water for Watson 

and Electra Webb; it is amazing to think that grain once tightly packed  spaces where people now come 

to eat, drink and be merry at The Silo Restaurant in West Dover.   This is the splendor of adaptive reuse 

- yesterday’s historical vestiges may become tomorrow’s active spaces…spaces that can both preserve 

the stories of the past while providing new life for the present and the future.  
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UDG News

New RecoGNiseD PRactitioNeRs 
iN URbaN DesiGN 
The UDG congratulates the following on  
becoming recognised practitioners: 
Martin Douglas 
Hannah Elborn 
Leo Hammond
Jie Liu 
Stuart Randle
Paul Sallin
Stephen Taylor
Bryan Wynne
Emma Zukowski

2013: a time of Policy RevisioN, 
oR a time foR actioN? 
In England, 2013 will be marked as the year 
of the Farrell Review on Architecture and 
the Built Environment, the Taylor Review 
on planning guidance, the publication of 
revised guidance to accompany the National 
Planning Policy Framework, and the review 
of housing standards. UDG members have 
played their part, providing over 30,000 

view fRom the 
chaiR  

Recently I was listening to a radio show that 
was explaining the idea of place-making to 
what would have been a predominantly lay 
audience. It was interesting to hear how the 
speakers tried to describe it, although I was 
slightly surprised when they said it was a 
new idea. While place-making may be new 
to some, the term goes back to at least the 
1970s, and the ideas and theories behind it 
further back to the work of Jane Jacobs and 
William H Whyte. It was certainly something 
that I was very aware of as I went through 
my own training as a landscape architect 
and urban designer. However, it did pose 
an interesting question: as professionals 
we talk about place-making a lot, but why 
isn’t the average person on the street aware 
of it? Is the fact that it is going unnoticed 
a sign that place-making is actually being 
done well, or simply that it is not working at 
all? Place-making seems to be accepted by 
the more enlightened parts of the develop-
ment industry, but do they just accept that 
it works, even if they don’t really understand 
what it is? 

The ability to successfully create a sense 
of place is possibly the most complex part 

of what we do. Some will say that you can’t 
do it: it is all about the history of a place and 
that cannot be made up; all that you can do 
is ensure that it is brought to the fore. Others 
will say that you can create a sense of place 
through close liaison with local communities,  
as it is the people who will bring the sense of 
place, not the built fabric. 

While on my honeymoon in New York 
this summer I was struck by the impact of 
the Highline on the surrounding areas, and 
how it has created a new sense of place. The 
physical benefits are well reported, and the 
visitor numbers certainly support the hype, 
but what struck me walking along it was the 
massive impact that it has had on the adja-
cent blocks of the city. Nearly all of the new 
developments (and there are many) include 
the name Highline somewhere in their title: 
The Highline Hotel, Highline 537 Residences, 
Port 10: Home on the Highline, OHM on the 
Highline …. The list goes on. A cynic would 
suggest this is just real estate agents jumping 
on a bandwagon, but the reality is that this is 
a strong example of place-making in action – 
a whole new district identity being created 

• Paul Reynolds
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words in comment which have duly been re-
layed to the relevant parties, and participat-
ing in numerous working parties. Clear views 
have emerged including:

•  a common educational route for everyone 
in the built environment, such as a founda-
tion year at undergraduate level

•  support for a formal architecture and the 
built environment policy, provided it does 
not block creativity, but has the teeth to 
coordinate taxation and grant schemes, 
and the work of relevant government de-
partments, and

•  the need for active political leadership. 

In the discussion workshops, an often voiced 
complaint was the lack of urgency in improv-
ing towns and cities, and responding to the 
challenges of population growth, climate 
change and the decline of finite fossil fuel re-
serves. The need for positive political leader-
ship has been strongly made: it should be the 
prime role of national politicians to articulate 
a vision for the long term future of towns and 
cities. The reality is that the vast majority of 
politicians focus on short-term single issues, 
rather than the immensely powerful and com-
plex urban systems on which we all depend. 

Perhaps these things are cultural. A tell-
ing comment made at the UDG Urbanism in 
China event held in July was that ‘in China the 
government makes decisions and then sets 
up a construction programme: in Britain the 
government makes decisions and then sets 
up a Commission’. Indeed Britain seems to be 
unequalled in terms of its ability to produce 
urban policy reports – with an enviable track 
record of at least one landmark report every 
10 years… but very few urban landmarks. This 
apparent inability to turn words into deeds is 
all the more inexplicable given that London 
is in effect Europe’s first city, with a popula-
tion nearly 2 ½ times that of its nearest rival, 
Berlin. 

Should we look to politicians or look to 
ourselves? By the time this edition of Urban 
Design has been published Roger Evans will 
have given his presentation on A manifesto for 
Urban Design, and Jon Rowland and Nicholas 
Falk, theirs on the Oxford Charter and, one 
hopes, there will be a renewed vision and a 
determination to bring about action. There is 
no monopoly on leadership: urban designers 
across the world can and must fill that void. 

• Robert Huxford, Director
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DIARY oF 
eVents
Unless otherwise indicated, all LONDON 
events are held at The Gallery, 70 Cowcross 
Street, London EC1M 6EJ at 6.30 pm. Tickets 
on the door from 6.00pm. £3.00 for full price 
UDG members and £7.00 for non-members; 
£1.00 for UDG member students and £3.00 
for non-member students. 

Please check the UDG website for the lat-
est details, plus events outside London (in-
cluding East Midlands, Scotland and Solent): 
www.udg.org.uk/events/udg

WeDnesDAY 9 oCtoBeR
Urban Design Policy 
Discussion and debate on future urban design 
policy and how we can set an agenda for the 
design of cities, towns, urban extensions, 
new settlements and suburbs for the coming 
century. Roger Evans will introduce his mani-
festo for urban design, and Nicholas Falk and 
Jon Rowland will present their The Oxford 
Charter for 21st century suburbs.

17-19 oCtoBeR 2013 – neWCAstle
national Conference on Urban Design 2013
For this year’s conference, the UDG is in New-
castle to address The Pursuit of Growth: The 
Role of Urban Design. In collaboration with 
the University of Newcastle this landmark 
event will explore how to create an advanced, 
balanced and sustainable economy which can 
support homes, jobs, vibrant town centres 
and a high quality of life.

Subjects will include designing for busi-
ness, science and industry; creating healthy 
and enterprising communities; securing fund-
ing and buy-in from stakeholders; and provid-
ing political and commercial leadership.

As well as a full day of expert speak-
ers and the UDG annual dinner on Friday 18 
October, there is also a programme of fringe 
events taking place on Thursday 17 and 
Saturday 19 October including walking tours, 
networking sessions and the UDG annual 
education symposium.

WeDnesDAY 13 noVeMBeR 
Art in the Public Realm
Linking with this issue, UDG Patron Lindsey 
Whitelaw will lead an evening looking at 
ways in which places can be enlivened and 
enriched by creative design artistry. 

WeDnesDAY 27 noVeMBeR
Kevin lynch Memorial lecture: Kelvin 
Campbell 
Winner of the 2013 Lifetime Achievement 
Award for Urban Design, Kelvin Campbell 
will deliver his vision for the future of towns 
and cities, exploring innovative ideas on the 
processes and methods, which can help to 
generate good urbanism and foster effective 
civic leadership.

DeCeMBeR 2013 (DAte tBC)
Urban Design Group Christmas Celebration
As always this will be held in a quirky and 
inspiring setting, look out for details.

JAnUARY 2014 (DAte tBC)
UDG open night
For our first event of 2014, the UDG is giving 
centre stage to YOU – our members. We want 
to know what makes you tick: Why do you 
think your work is important? What are the 
main priorities for urban design? Which is-
sues concern you? 

We are extending an open invitation to 
members to give a 5 minute presentation at 
this event – please contact robert.huxford@
udg.org.uk if you would like to speak.

 URbaN 
DesiGN

12
8 Autumn 2013

Urban Design Group Journal
ISSN 1750 712X

aRt iN the 
PUblic Realm

 URBAN  
 DESIGN
 GROUP

 URBAN  
 DESIGN
 GROUP



International

Issue 128 – Autumn 2013 – Urban Design — 7

UsInG ReGIonAl RAIl lInes FoR loCAl tRAnsIt
Michael A. Richards describes commuter rail plans for Vermont

ConteXt
Although Vermont is one of the less 
populated states in the USA, it still has 
development sprawl and automobile 
congestion. This is especially evident 
along US Routes 7 and 2 in Chittenden 
County, where peak traffic turns a 7-mile 
commute into 45 minutes of bumper-
to-bumper idling. In 2011, Vermont 
had 574,983 registered vehicles to a 
population of 626,592, or 918 vehicles per 
1000 people. The US average was about 
786 vehicles per 1000 people. Public 
transportation only accounts for 0.8 
per cent of commuter travel in Vermont, 
with the vast majority (77.8 per cent) by 
car, truck or van. The Transportation 
Research Center at the University of 
Vermont has reported that this sector is 
the largest consumer of energy and source 
of greenhouse emissions in the state, 
compared to residential, commercial and 
industrial sectors. 

In 2000-3, the Vermont Railway 
company (VTR) operated the Champlain 
Valley Flyer as a 12-mile commuter train 
from Charlotte, VT to Union Station in 
Burlington as a pilot programme to reduce 
traffic congestion along Route 7. Ridership 
was projected at 214,562 passenger trips 
annually generating more than $160,000 
in revenue. Instead, the train only 
attracted about 83,000 riders annually 
and $53,000 in its last year of operation. 
The Flyer had few regional or local transit 

or pedestrian connections to its stations, 
low population densities in the rail 
corridor, and poor marketing. However, 
10 years later, there is renewed interest 
in commuter rail options in Vermont, due 
to local concerns about global climate 
change, congestion and high petrol prices.

ReGIonAl ConneCtIons
The map shows a proposed new commuter 
route around the county with two primary 
sections east and west. This U-shaped 
configuration allows trains to either run 
the entire length of the route, passing 
each other in Burlington (in the north 
west), or more frequent trains that only 
run on part of the route. The line would 
unite six universities and colleges and 
provide connections to the Burlington 
International Airport, the Essex Amtrak 
station, plus major employers and 
destinations such as IBM, Fletcher-Allen 
Health Care and Fanny-Allen Health Care. 

PoPUlAtIon DensItY
Chittenden County as a whole is relatively 
dense compared to state or national 
averages, with 157,491 inhabitants in 539 
square miles. However this density does 
not relate to the existing rail line, which 
runs along the county’s periphery, making 
it difficult to attract riders more than 
a mile from the rail line: park and ride 
options would take longer than driving 
into Burlington. Instead communities 

need to be connected by pedestrian-
oriented streets within a five minute walk 
(¼ mile radius) of a station, and short-
haul transit systems for neighbourhoods 
further away. 

PeDestRIAn ConneCtIons to 
tRAnsIt
Today’s pedestrians suffer with poor 
weather, dangerous street crossings, slow 
speeds, air and noise pollution, limited 
accessibility, plus challenging terrains. 
New street designs need to provide 
dedicated lanes for walking and cycling, 
separated from the street with a curb, a 
vegetative strip or street trees to provide 
adequate safety from traffic. Where this 
is not possible, a guardrail can be used, 
along with different surface materials for 
different modes of transport. Pedestrians 
also need the routes over or under roads 
to be safe and uninterrupted to the train 
stations, with adequate space for lifts, 
bike stair rails, ramps for people with 
disabilities, and good lighting.

↙ Rail with Trail idea with utilities: a multi-use 
corridor
↓ Proposed U shaped rail route, with Burlington 
in the north west. 
↓↓ Residential density in relation to the rail 
route. Both maps courtesy of Vermont Center 
for Geographic Information
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Another strategy to connect 
pedestrians to rail transit is to run 
pedestrian paths in the same right-of-
way as the transit. The Rails-to-Trails 
Conservancy refers to this as ‘rails with 
trails’, as opposed to the more familiar 
‘rails to trails’ idea, whereby abandoned 
rail corridors are converted into places 
and pathways. This exclusive right-of way 
offers the same benefits for pedestrians 
as it does for the transit system – an 
uninterrupted line of travel separate 
from traffic. This shared corridor also 
promotes multi-modal travel, increasing 
train ridership, walking and cycling. 
There still needs to be an adequate buffer 
between pedestrians and trains using 
fencing, vegetation, berms, ditches, grade 
separation. 

sHoRt-HAUl tRAnsIt 
ConneCtIons
Beyond this ¼ mile radius area, short-haul 
transit by bus, trolley, and automated 
guideway transit system (AGT) can 
be used. Fixed guideway systems are 
preferable due to their reliability and 
sense of permanence, so that development 
clusters around them. AGT systems can be 
continuously moving - a moving sidewalk; 
or semi-continuous, where the cabin or 
vehicle detaches from a cable and slows 
down at stations; or even discontinuous, 
where the cabin stops at stations. All 

of these systems share an automated 
movement, and so no conductor is needed. 
Cabins can also be added or removed 
according to demand, or called on 
demand. AGT systems can be constructed 
at grade, below ground or elevated. This is 
the preferred option separating it from the 
street traffic below, making it easier and 
cheaper to construct, and offering better 
views for passengers. 

MIXeD Use DeVeloPMent
Failing commuter rail lines are often 
associated with a lack of development 
at the stations. This can redefine the 
station from being merely a platform to 
an attraction in itself – an activity node, 
combining residential, commercial, and 
recreational uses. Planning for mixed 
use development requires input from 
the community, politicians and local 
businesses, and at the county scale calls 
for each transit node to be unique, with 
the system connecting different activities. 
It is imperative that each place’s specific 
activities are promoted to the community. 

MARKetInG
In addition to this activity-based 
marketing, there must be incentive-
marketing to build and maintain ridership 
levels. One incentive-based model is the 
frequent-flyer miles programme offered 
by airlines and credit card companies. 

For every mile travelled, points can be 
redeemed for further travel or goods and 
services, such as Amtrak’s Guest Rewards 
programme. A similar model could be 
implemented for the commuter rail 
system and coordinated with Vermont’s 
businesses to stimulate the local economy. 

The state can also work with local 
employers to provide tax incentives for 
promoting train ridership. For example, 
the Cook County Regional Transportation 
Authority in Illinois implemented a Transit 
Ridership Incentive Program (TRIP) that 
provides up to $1,700 to Cook County 
businesses that enrol employees in a pre-
tax transit benefit programme; commuters 
can buy their transit fares from their 
pre-tax income, thereby lowering their 
taxable income. This reduces the cost 
of commuting by 30-40 per cent for 
commuters, and employers receive $10 
for each employee enrolled (up to 50 
employees). Chapel Hill, North Carolina 
implemented a fare-free system in 2002 
for bus transit, which was essentially 
pre-paid by property taxes and vehicle 
registration fees. The University of North 
Carolina also purchases passes for all of its 
students and employees. Even though it is 
not technically free, the fare-free system 
has increased ridership from 3 million 
passengers a year to 7 million. 

ConClUsIon
The consumption of natural resources 
for cars, roads and car parking has 
erased much of our natural landscape, 
and reversing this trend is imperative. 
Fixed-guideway transit systems have 
the potential to improve urban form by 
clustering development around stations, 
preventing sprawl and conserving land. 
As Roxanne Warren points out in The 
Urban Oasis (1998) ‘One should not have 
to choose between life in a compact, 
potentially sociable and mutually 
supportive urban setting, and a benign 
and green environment. These two highly 
desirable components of the good life 
need not be mutually exclusive; with some 
adjustments to our thinking and planning 
they could, in fact, be paired.’

• Michael A Richards, Facilities Analyst, Campus 
Planning Services, University of Vermont

← Congestion along routes US 7 
and US 2
↙ Examples of a pedestrian tunnel 
and bridge 
↙↙ A transit station without and 
with mixed use development



Introduction
Sustainability is defined as meeting our cur-

rent needs without compromising the needs of 
future generations. The question remains, how-
ever, how far into the future must we plan for? 
Our universe is almost 14 billion years old, and 
scientists predict that it will exist for at least an-
other 14 billion years, when it will approach fi-
nality in either a “Big Crunch” singularity, or else 
continue to expand until it becomes complete 
darkness—“The Big Chill.” Sustainability, there-
fore, becomes a relative concept—even before our 
universe ceases to exist.

From cosmic supernovas, black holes, and 
collisions with asteroids to earth-bound disas-
ters such as nuclear holocaust, natural resource 
depletion, and biological/genetically engi-
neered pathogens, humanity is indeed in dan-
ger of becoming extinct. Perhaps our fate is in-
evitable and such events are simply too large 
for us even to comprehend, much less avoid. 
Yet thinking on such a grand scale can make 
the more imminent dangers that our planet 
faces seem more solvable. In examining disas-
ters of such magnitude, it becomes imperative 
that architecture expand its expertise in order 
to seek viable solutions that will help preserve 
humanity’s existence.

In recent times, there has been a focused con-
centration on designing green buildings and uti-
lizing renewable sources of energy—all of which 

are in some way derived from the sun. This pa-
per takes the process a step further and asks, what 
will happen when there is no sun? What will hap-
pen when all of the resources that we rely on to 
live are depleted? Although these events may be 
millions or even billions of years away, should we 
be concerned with them now? In order to truly 
engage sustainability, we must examine not just 
the “immediate” future, but also the “distant” and 
“very distant” future.

The Disasters
This paper will discuss several types of cat-

aclysmic disasters humanity will face in the dis-
tant future that will threaten our very existence. 
These disasters range from cosmic events such 
as the death of the sun, astronomical collisions, 
and black holes to Earthbound events such as 
a nuclear holocaust, biological/genetically en-
gineered pandemics, and natural resource 
 depletion.

The Lifeboat Foundation defines these disas-
ters as existential risks—risks that are global and 
terminal that would either annihilate intelligent 
life on Earth or permanently and drastically cur-
tail its potential. Although the emphasis of this 
paper is on such existential disasters, some of the 
design solutions proposed can also be applied to 
and/or create novel solutions for more common 
natural disasters such as earthquakes, tornadoes, 
tsunamis, and floods.

The End of the World and Architecture
By Michael A. Richards

Michael A. Richards earned a bachelor of science in environmental science and a master of arts in architecture 

from the University of Buffalo, New York. Currently at the University of Vermont, he has devoted his career to 

sustaining Earth’s future by exploring ways in which the built environment can coexist with the natural realm. He 

can be reached at mrichard@uvm.edu.
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When larger stars collapse, their outer re-
gions are expelled into space in a massive explo-
sion known as a supernova. Supernovas occur on 
average about once a century in any particular 
galaxy. The last one recorded in the Milky Way 
took place in 1604 about 25,000 light-years away 
from Earth (Dickinson, 1992).

The highest probability for a supernova in 
the Milky Way is a star called Rho Cassiopeiae, 
which has been decaying since 1946 and had a 
major eruption in 2000 (Astronomy Encyclopedia, 
2002). Although this star is 10,000 light-years 
away and most likely would not impact our solar 
system, gamma radiation and shock waves from 
supernovas less than 1,000 light-years away could 
alter or damage the molecules that make up liv-
ing organisms.

There are currently no contenders in this 
range, but the universe is unstable. There are also 
doomsday scenarios in the Apocalypse 2012 the-
ories that start with a solar flare from the sun that 
heats up Earth’s crust, thereby causing super-vol-
canoes that blanket the Earth in ash, earthquakes 
that swallow continents, and tidal waves and tsu-
namis that wash away coastal cities.

The question for architects, engineers, and 
designers remains: Should we be concerned with 
cataclysmic sun/Earth-annihilation scenarios? 
Since there is really no way to save the planet from 
this fate, and no urgency since this destruction is 
some 5 billion years away, is it even worth plan-
ning for? Maybe such fate is too immense for us 
to cope with.

But then again, maybe thinking and planning 
on such a grand scale can yield new ways of ad-
dressing the more imminent dangers our planet 
faces. One thing scientists know for sure is that 
the universe is unpredictable. Global mass de-
struction could happen tomorrow, a thousand 
years from now, or 5 billion years from now, and 
there is no better time than the present to start 
planning and designing for worst case scenarios.

The Death of the Sun
Our sun is classified as a yellow dwarf of me-

dium size (864,000 miles in diameter) and of me-
dium age (about 5 billion years old). The sun is a 
giant nuclear furnace that fuses hydrogen into he-
lium at a temperature of 27 million degrees Fahr-
enheit and yields some 400 trillion watts of en-
ergy that provide for life on Earth (Astronomy 
Encyclopedia, 2002). The sun will remain stable 
as long as the energy from its thermonuclear re-
actions remains sufficient to balance its gravita-
tional attraction.

Scientists predict our sun will burn for an-
other five billion years or so. At that point, with 
the hydrogen depleted at its core, thermonuclear 
reactions converting hydrogen to helium will 
cease. The core will increase in mass and begin to 
collapse upon itself. The collapse will continue to 
heat up the remaining hydrogen outside the core, 
causing the sun to burn hotter and brighter.

As the core becomes hotter, it will start to 
convert helium into heavier elements such as car-
bon and oxygen. The energy exuded from the col-
lapse will cause an energy release that will inflate 
our sun into a red giant that will vaporize the in-
ner planets of our solar system. Once all its en-
ergy has been expelled, the central regions of the 
star will collapse to form a white dwarf.

Even before the sun actually burns out, the 
aging process will begin to drastically change the 
climate on Earth. The first noticeable changes will 
be the melting of polar ice caps that will in turn 
cause sea levels to rise and diminish Earth’s abil-
ity to cool itself. Over time, the planet will con-
tinue to warm until the oceans evaporate, the sur-
face is blazed, and the entire planet is vaporized 
by the inferno of the bloated red giant.

Although this event is some 5 billion years away, 
we are starting to see signs of global warming from 
both human induced and natural processes as we 
speak. Conditions may become intolerable within a 
few thousand years and the Earth might even be-
come totally uninhabitable within a few million.
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Near-Earth objects are asteroids, comets, or 
meteoroids with a perihelion distance less than 
1.3 AU. NASA reports that as of May 4, 2010, 
6,997 near-Earth objects have been discovered, 
810 of these with diameters larger than 1 km, and 
1,110 of these classified as Potentially Hazardous 
Asteroids (PHA’s). PHAs are defined as asteroids 
larger than 500 feet in diameter that have mini-
mal orbit intersection distances less than .05 AU 
(4,655,000 miles).

Overall, when accounting for asteroids that 
are not considered near-Earth objects (perihelion 
distances greater than 1.3 AU), there are proba-
bly about 100,000 with a diameter greater than 
305 ft (~93 meters), and 150 million with a diam-
eter greater than 30.5 ft (~9 meters) (Dixon, 
1997). To assess impact risk, the NEOP uses the 
Torino Scale, which is designed for communica-
tion with the public, and the more technical 
Palmero Scale for more in-house, proprietary cal-
culations.

The Torino Scale ranges from zero to 10, zero 
being no hazard, and 10 being certain collision 
capable of causing global climatic catastrophe. As 
of May 5, 2010, the top three asteroid contenders 
for potential impact with Earth are 101955 1999 
RQ36, 2007 VK184, and 99942 2004 MN4 (Apo-
phis), with earliest impacts occurring in 2069, 
2048, and 2036, respectively, according to NASA. 
Granted, all of these are either a 0 or 1 on the To-
rino Scale and have Earth-striking probabilities 
of essentially zero.

However, many scientists and theoreticians 
believe that “essentially” zero is not really zero 
and we should never underestimate the random-
ness and unpredictability of the universe. If an as-
teroid led to mass extinction once, it could hap-
pen again.

So if NASA’s Near Earth Object Program dis-
covered a highly probable impact tomorrow that 
would potentially strike the Earth in a 10–20 year 
window, what would be our plan? Is technology 
in place to target such an asteroid with missiles 

Cosmic Collision
Anyone who has watched science fiction 

films such as Armageddon, Deep Impact, or 2012 
might be dismally aware of the threat Earth faces 
from a catastrophic impact from matter in space. 
Such matter could be in the form of asteroids, me-
teoroids, or comets. Asteroids are essentially min-
iature planets that range in size anywhere from 
10 meters (~30 feet) in diameter to the largest 
known asteroid, Ceres, which is 933 km (580 
miles) in diameter (Astronomy Encyclopedia, 
2002). Most of the known asteroids orbit the sun 
in a zone between Mars and Jupiter. 

“The prevailing theory is that Jupiter’s grav-
itational influence so perturbed this region of so-
lar nebula that one large planet was never able to 
develop. Instead, a number of smaller ones did, 
and later fragments continued colliding” (Dick-
inson, 1992). Particles smaller than 30 feet (10 
meters) in diameter are usually classified as me-
teoroids, and comets are masses of ice with min-
eral deposits that originate from beyond the lim-
its of our solar system in a region known as the 
Oort cloud.

Although it is estimated that some 19,000 
meteorites over 100 grams hit the Earth annually, 
large asteroids with diameters greater than a mile 
that reach the Earth occur only about once every 
100,000–300,000 years or so. Evidence suggests 
that an asteroid roughly 12 miles (19 km) in di-
ameter crashing into the Earth was responsible 
for the extinction of the dinosaurs some 65 mil-
lion years ago. This asteroid is thought to have 
been traveling roughly 62,000 miles per hour and 
left a 125-mile (~200 km) crater in the area now 
occupied by the Caribbean Sea (Dixon, 1997).

Research on this Cretaceous meteorite has 
led scientists to become increasingly concerned 
about the possibility of another such event occur-
ring relatively soon. In 1998, NASA established 
the Near Earth Object Program (NEOP) to mon-
itor and study objects approaching the Earth’s 
 orbit.
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disheartening to think that humans strive to de-
stroy each other even now. Who knows, the threat 
of a moon-sized asteroid colliding with Earth 
might actually get humanity to work together. But 
as history has demonstrated, this is doubtful. Ap-
parently we humans have some innate tendency 
to destroy ourselves and will probably do so long 
before the sun dies, an asteroid hits us, or we col-
lide with Andromeda.

Reckoning only major wars involving the 
United States, there have been roughly 2,604,824 
casualties (deaths and wounds) within our armed 
forces in our brief history (World Almanac, 2010). 
In his Historical Atlas of the 20th Century (2010), 
Matthew White estimates about 188 million  
deaths worldwide due to war and oppression in 
the last 100 years alone. This includes genocide 
and tyranny, military and civilian deaths in war, 
and human-induced famine.

Somewhere in our universe, or in some other 
universe, more advanced civilizations may be 
laughing at us, “Look at those primitive species 
with their guns, wars, drugs, greed, and tyranny; 
what a bunch of savages… When will they ever 
learn how to peacefully coexist?”

As technology becomes more sophisticated, 
wars become more dangerous and the potential 
for mass destruction increases. New arsenals of 
nuclear weapons, biologically engineered diseases 
(see below), cyber-terrorism, and other forms of 
advanced weaponry increasingly threaten our ex-
istence—especially if they get into the wrong 
hands.

The harsh reality is that we may never learn 
to peacefully coexist. There will always be factions 
of extremists that threaten the world and human 
differences in race, religion, politics, and lifestyle 
seem likely to persist indefinitely. If we trans-
formed all the energy we spend fighting each 
other to cooperative ventures, we could probably 
solve the world’s energy crisis, cure disease, and 
actually have safeguards in place in response to 
the some of the disasters discussed in this paper.

and/or lasers that could destroy it? What if it is 
too large to destroy? What if we succeed in break-
ing up the main body but relatively small amounts 
of debris and radiation still impact the Earth? If 
defensive and/or offensive technology fails, back-
up plans from architects and engineers will be the 
only hope for sustaining human life.

In addition to asteroid, comet, and meteoroid 
collisions, there are also possibilities of collision 
with other galaxies or with one of the black holes 
resulting from dying stars in our galaxy. Scientists 
even predict our galaxy, the Milky Way, could 
someday collide with the Andromeda Galaxy.

At the moment, Andromeda is about 2.2 mil-
lion light-years away from us but the gap is clos-
ing at 500,000 km/hour. While most galaxies are 
rushing away as the universe expands, Androm-
eda is the only big spiral galaxy moving towards 
the Milky Way. The best explanation is that the 
two galaxies are in fact a bound pair in orbit 
around one another. Both galaxies formed close 
to each other shortly after the Big Bang, initially 
moving apart with the overall expansion of the 
universe. But since they are bound to one another, 
they are now falling back together, and one very 
plausible scenario puts them on a collision course 
in 3 billion years (Dubinski, 2006).

Such a merger could present a myriad of op-
portunities for destruction, but also might pres-
ent new opportunities for actually sustaining life. 
For example, assuming we survive billions of su-
pernovas, star implosions, and galactic matter col-
lisions, we might find new planets and stars that 
we could exploit for resources and habitation. Ga-
lactic merging also makes interstellar space travel 
more attainable. At current rates of movement, 
Andromeda might be reachable by spacecraft 
technology many millions of years before it actu-
ally collides with the Milky Way.

War, Terrorism, and Nuclear Holocaust
Reviewing all the external cosmic forces ca-

pable of someday ending life as we know it, it is 

8  World Future Review  October-November 2010



air, through water, or in food. Terrorists may even 
prefer biological agents because they can be dif-
ficult to detect. Some bioterrorism agents, like the 
smallpox virus, can be spread from person to per-
son while others, like anthrax, cannot.

Depletion of Natural Resources
In addition to the destruction of our planet 

from the forces mentioned above, humans should 
also be aware that our resource consumption is 
rapidly exceeding resource availability. The 
world’s population is currently about 6.4 billion. 
Although population in some of the more devel-
oped countries has begun to decline, much of the 
developing world is still growing at exponential 
rates. In fact, over 95% of population growth is in 
the developing world (Worldwatch Institute, 
2006). As the human footprint increases, strain 
on our resources increases likewise.

It is quite possible that sometime in this cen-
tury the population rate will exceed food supply, 
energy sources, and land area for habitation, ag-
riculture, and waste disposal. According to Pro-
fessor Charles H.V. Ebert (1993): 

Humanity’s relationship with the 
ecosphere proceeds along a J-curve; that 
is to say that at first humankind was an 
integral part of the living world, existing 
in harmony with the total system, and 
did not exert any excessive influence. 
But over time, humans assumed a dif-
ferent role and attained the position of 
changing the environment consciously, 
not instinctively.

According to the National Resources Inven-
tory, about 8,900 square kilometers (2.2 million 
acres) of land was developed between 1992 and 
2002 in the United States (USDOA, NRI 2009, 
http://www.nrcs.usda.gov). In their book, Design-
ing Greenways: Sustainable Landscapes for Nature 
and People (2006), Paul Hellmund and Daniel 

Biological Pandemics
It was difficult to ignore the threat of pan-

demics after the uproar generated by the H1N1 
flu virus that spread across the globe in 2009. An 
epidemic is defined as an outbreak of a commu-
nicable disease that affects significant numbers of 
people in a specific region at the same time; a pan-
demic is an epidemic on a global scale (CDC, 
2010). There have been several pandemics 
throughout history, including measles, smallpox, 
Bubonic Plague, syphilis, yellow fever, cholera, 
poliomyelitis, and the Spanish Influenza of 1918 
that killed 20 million people worldwide. 

Although many of these diseases are treat-
able and curable today, there are still diseases that 
evade medical technology and new pathogens still 
evolve. As of 2010, there are roughly 33 million 
people living with HIV/AIDS worldwide, and 
since its discovery in the early 1980s, there have 
been 2 million deaths from AIDS and/or HIV/
AIDS related infections (World Almanac, 2010).

According to the Lifeboat Foundation, more 
than a quarter of all deaths worldwide—15 mil-
lion each year—are due to infectious diseases. 
These include four million from respiratory in-
fections, three million from HIV/AIDS, and 
2 million from waterborne diseases such as chol-
era. This is a continuing holocaust that, while 
sparing no class, strikes hardest at the weak, the 
impoverished, and the young.

In addition to pathogens that are evolving 
naturally, there is a new threat now from human 
engineered pathogens, according to the Centers 
for Disease Control and Prevention. A bioterror-
ism attack is the deliberate release of viruses, bac-
teria, or other germs (agents) used to cause illness 
or death in people, animals, or plants. These 
agents are typically found in nature, but it is pos-
sible that they could be changed to increase their 
ability to cause disease, make them resistant to 
current medicines, or to increase their ability to 
be spread into the environment.

Biological agents can be spread through the 
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reserve category, the probability can range from 
zero to 100.

Data from agencies such as the U.S. Depart-
ment of Energy and the USGS estimate that there 
are anywhere from 1,020 to 1,420 BBs of proven and 
unproven oil remaining in the Earth (Wright & Ne-
bel, 2002). Anyone can do the math. If the world is 
using 83.3 million barrels of oil per day or roughly 
30 billion barrels per year, and there is an optimis-
tic estimate of 1,420 billion barrels left, we have 
roughly 47 years of oil remaining. Remember, this 
is the most optimistic estimate. This assumes oil us-
age stays the same and that the oil in the “unproven” 
reserves actually exists and is retrievable.

The United States is the world’s largest con-
sumer of oil, using roughly 20.8 million barrels a 
day (Worldwatch Institute, 2006). One thing ex-
perts are sure of is that we will definitely run out 
of Earth derived crude oil sometime in the twenty-
first century, and that radical shifts in our fuel 
economy must be achieved.

A conversion to renewable sources of energy 
(assuming the sun is still healthy) and aggressive 
planning approaches to conserve land are imper-
ative. The problem is that the human population 
continues to grow, so where do you put all these 
people? How much land is required to harvest 
enough food for Earth’s projected population 
growth? If we run out of fossil fuels, will renew-
ables yield enough energy for future populations? 
How do you control population growth without 
infringing on human freedom? 

Can we design new worlds in outer space, 
colonize other planets, and explore the depths of 
our oceans while we protect ourselves from cos-
mic collisions, pandemic viruses, nuclear holo-
caust, and natural resource depletion? The next 
section of this paper will examine potential de-
sign solutions that could provide relief from the 
disasters outlined above.

Colonizing Space
Colonization of space represents the most 

Smith state: 

Likewise, the capitalist economy 
that has helped to produce a remarkably 
high standard of living for a minority of 
the world’s inhabitants relies on the con-
stant dissolution and reconstitution of 
nature and society into new forms. 
Economists aptly refer to this as “creative 
destruction” and it is, for better or worse, 
the lifeblood of our economy.

In addition to urban and suburban develop-
ment, soils and forests are also being degraded by 
clear-cutting, overgrazing, and agricultural mis-
management. As the surface of the Earth becomes 
increasingly impermeable, the hydrological cycle 
is interrupted by the increase of water runoff and 
a decrease in infiltration and groundwater re-
charge. As a result, streams and water bodies be-
come polluted and are subject to extreme flood-
ing during wet cycles and severe drought during 
dry cycles.

As groundwater is leached, land actually set-
tles or “sinks”—an occurrence known as land sub-
sidence. “Asphalt and concrete rooftops, roads and 
parking lots cover up to 70% of land area in dense 
cities like New York, while open space in sprawl-
ing cities such as Phoenix, Arizona is lost to de-
velopment at a rate of 1.2 acres per hour” (Earth 
Pledge & Scholz-Barth, 2005).

Since the Industrial Revolution, fossil fuels 
have been exploited to provide energy to the 
world. According to the Worldwatch Institute 
(2006), roughly 80% of the world’s energy comes 
from oil, coal, and gas. The International Energy 
Agency estimates that oil demand reached 3.8 
million tons in 2005, or 83.3 million barrels a day. 
Coal reached nearly 2.8 million tons and natural 
gas roughly 2.4 million tons in 2004. So how long 
will these reserves last? It depends who you ask. 
There are also factors such as “estimated” reserves 
versus “proven” reserves, and within the proven 
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1998. The ISS is an international joint project be-
tween the National Aeronautics and Space Ad-
ministration (NASA), the European Space Agency 
(ESA), the Russian Federal Space Agency (RKA), 
the Japanese Aerospace Exploration Agency 
(JAXA), and the Canadian Space Agency (CSA).

According to Boeing (2010), the first mod-
ule—the Russian Zayra—was launched in 1998, 
and currently, there have been 88 space missions 
that have assembled about 13 interconnected 
modules powered by 20 solar arrays generating 
80–120 kilowatts of power. When completed, the 
ISS will measure 356 feet (109 meters) from port 
to starboard, about the length of a football field, 
have an internal pressurized volume of 34,700 cu-
bic feet, weigh almost one million pounds (453, 
592 kg), and will maintain an average altitude of 
220 miles (354 km).

The station’s primary use is for research in 
the human exploration of space, monitoring me-
teorological and climatic patterns of the Earth, 
and studying human and plant biology in a mi-
crogravity environment. The ISS may pave the 
way for larger space colonies in the near future. 
NASA’s Ames Research Center actually conducted 
studies for such larger colonies in the 1970s. The 
colonies were designed to house 10,000 people 
and consisted of Toroidal, Cylindrical and Bernal 
Sphere designs. All of these designs employ air 
tight atmospheres rich in oxygen and nitrogen 
and employ rotational effects to simulate gravity. 
According to NASA (2010):

As an orbital space colony turns, the 
inside of the colony pushes on the in-
habitants forcing them to go around. 
The amount of this force can be con-
trolled and for reasonable colony sizes 
and rotation rates the force can be about 
1g. For example, a colony with an 
895-meter (a bit less than 1000 yards) 
radius rotating at one rpm (rotations per 
minute) provides 1g at the hull.

sustainable design solution for a majority of the 
catastrophic disasters discussed above, since it 
creates new worlds physically separated from 
Earth-bound perils and could forge the possibil-
ity of relocating to another star in the event that 
our sun decays. There are three major strategies 
in colonizing space, and each depends on some 
degree of advancement in technology: orbiting 
space colonies; terraforming other planets, 
moons, or asteroids; and interstellar space travel.

Since the times of the great space race in the 
mid-twentieth century, there have been signifi-
cant advances in the exploration of space. In 1926, 
Robert H. Goddard launched the first liquid–fu-
eled rocket. It only reached a height of 41 feet (66 
km), but was soon followed by the first suborbital 
flight (reaching 62 miles/100 km) of the German 
V2 rocket. The Russians were the first to put a hu-
man in space in 1961, and the United States’ 
Apollo 11 mission was the first to land on the 
moon in 1969.

The 1970s saw a surge in sending probes into 
outer space, including the Soviets’ Venera 7 land-
ing on Venus in 1970, the United States’ Viking 1 
and Viking 2 landing on Mars in 1976, and the 
Voyager 1 and 2 missions that orbited Jupiter in 
1979, Saturn in 1980, Uranus in 1986, and Nep-
tune in 1989. The first space shuttle, STS-1 Co-
lumbia, was launched in 1981, and as of October 
2009, there have been 128 space shuttle flights 
(World Almanac, 2010). Other notable advance-
ments include the Near Earth Asteroid Rendez-
vous (NEAR) landing on the Eros Asteroid in 
2001, the Spirit and Opportunity rovers landing 
on Mars in 2004, and the Cassini Probe arriving 
at Saturn in 2004.

In addition to advances in flight, there has 
also been significant progress in the aerospace en-
gineering of space structures. The Soviet Salyut 1 
became the first human-occupied orbital space 
station in 1971. This was followed by the United 
States’ Skylab in 1973, the Russian Mir Station in 
1986, and the International Space Station (ISS) in 
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for their safety and security, but also en-
sure the maintenance of their normal 
psychological and physiological devel-
opment and well being; and designing 
an implementation plan for the safe 
transport of people to and from the 
Earth and the Space Colony.

Other issues affecting the design include 
power generation, protection from radiation, so-
lar flares/cosmic rays, methods to recycle re-
sources and wastes, and safe, efficient technolo-
gies for transporting people to the colonies. In 
2004, the first private spacecraft, SpaceShipOne, 
was developed by Scaled Composites. Space-
ShipTwo is currently in development and the 
leading candidate for commercial space travel. 
The following description is from Scaled Com-
posites (2010):

SpaceShipOne is a three-place, 
high-altitude research rocket, designed 
for sub-orbital flights to 100 km altitude. 
The unique configuration allows air-
craft-like qualities for boost, glide, and 

Although most space craft and orbiting lab-
oratories are currently designed primarily by 
aerospace and aeronautical engineers, future, 
more complex colonies will have to employ archi-
tects to design and program space, study light pat-
terns, plan communities, and develop and mon-
itor human-space interaction patterns. Dr. Gary 
Scott Danford of the University at Buffalo, the 
State University of New York, summarized the 
following requirements in a 1994 academic proj-
ect description:

More specifically, architects, along 
with various other professions, will be 
challenged with the demographic and 
professional make-up of the colony and 
its means of selection, notification and 
segregation from the general population; 
the design of a viable physical environ-
mental system that will be capable of 
sustaining human life in space in an ac-
tive, conscious and productive state for 
extended periods; the programming of 
a stable system for social organization of 
the population that will not only provide 
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Exterior View

Courtesy: NASA, Ames Research Center

Figure 2: Toroidal Space Colony, 
Interior View
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landing. The ship converts (via pneu-
matic-actuated feather) to a stable, high-
drag shape for atmospheric entry. This 
“care-free” configuration allows a 
“hands-off ” re-entry and greatly reduces 
aero/thermal loads. Designed for a 
“shirt-sleeve” environment, the 60” di-
ameter cabin has a space-qualified ECS, 
as well as dual-pane windows.

The ship uses three flight control 
systems—manual-subsonic, electric-su-
personic and cold-gas RCS. Space-
ShipOne’s hybrid rocket motor is a non-
toxic, liquid nitrous-oxide/rubber-fuel 
hybrid propulsion system. The avionics 
onboard provide the pilot with the pre-
cise guidance information needed to 
manually fly SpaceShipOne for boost 
and re-entry. It also provides guidance 
for approach and landing and vehicle 
health monitoring. The unit stores and 
telemeters flight test data to Mission 
Control.

Space colonies can provide a means of sus-
taining human life due to disasters on Earth from 
a cosmic collision, a lethal pandemic, or a nuclear 
holocaust, and even could provide some relief to 
the planet in terms of land conservation and re-
source consumption. It is also quite possible for 
space colonies to harness energy from the sun and 
transmit it to Earth via microwave beams. The 
only scenario an orbiting space colony would not 
provide protection against is the death of the sun. 
In this case, the colony would have to either self-
propel or provide a series of “lifeboats” in the form 
of interstellar cruisers to relocate inhabitants to a 
new star.

Colonizing Other Planets
Colonizing other planets, moons, and aster-

oids also presents significant design challenges 
for architects and engineers. Unlike an orbiting 
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Courtesy: NASA Illustration via Boeing

Figure 3: Cylindrical Space Colony

Courtesy: NASA, Ames Research Center

Figure 4: Bernal Sphere Space Colony
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tained environments such as Biosphere II in Ar-
izona have been built to test how different closed-
system environment designs function over time. 
Biosphere II is a 3.14-acre structure that was built 
between 1987 and 1991. The Biosphere contains 
five biomes, including an ocean with a coral reef, 
mangrove wetlands, a tropical rain forest, a Sa-
vannah grassland, and a fog desert. Two missions 
were conducted between 1991 and 1994. Eight 
people lived in the structure for the first mission.

After about one year, the ionosphere became 
deprived of oxygen. Luckily, since this was an ex-
periment conducted on Earth, all the scientists 
had to do was open the door to replenish the ox-
ygen. But this would be a different story on an-
other planet or moon. If the colony was built on 
our moon and oxygen became scarce, it might be 
easier to bail-out and get back to Earth, seeing the 
Earth-Moon distance is only 238,000 miles com-
pared to the 250 million mile distance range be-
tween Earth and Mars.

Biosphere-like colonies constructed on Earth 
could, however, provide protective shelter against 
radiation from a cosmic collision or from nuclear 
bombs, and also could provide a sealed environ-
ment shielding humans from an Earth-bound bi-
ological pandemic. However, if oxygen levels are 
finite in such structures, they could only be used 
as temporary fallout shelters against these threats. 
This might be feasible if contamination levels on 
Earth after such events diminish or even cease 
over time, allowing humans to repopulate the 
Earth.

Self-sustainable biosphere architecture could 
possibly become the norm in the near future. If 
all new structures built from this point forward 
were designed to generate their own power from 
renewable sources and/or grow their own food, 
significant reductions could be achieved in the 
use of nonrenewable energy sources and in the 
amount of carbon released in the atmosphere. In 
addition, using structures to generate power pro-
vides alternative sites for large-scale energy oper-

space colony, there really is no way (unless scien-
tists discover gravitons) to simulate Earth-nor-
mal gravity. “The lunar surface is at roughly 1/6g 
and Mars is at 1/3g of Earth. Children growing 
up in such conditions would not be able to de-
velop bones and muscles strong enough to return 
to Earth, and adults would suffer from a weaken-
ing of muscle and bone mass” (NASA, 2010).

Similar to orbiting colonies, planets would 
also have to be either terraformed or self-con-
tained biospheres would have to be constructed 
to provide an Earth-like atmosphere. In their 
book, Islands in the Sky (1996),Schmidt and Zu-
brin explain the need for terraforming.

While Mars’s CO2 atmosphere has only about 
1% the pressure of the Earth’s at sea level, it is be-
lieved that there are reserves of CO2 frozen in the 
south polar cap and adsorbed within the soil suf-
ficient to thicken the atmosphere to the point 
where its pressure would be about 30% that of 
Earth. In order to extract this CO2, the atmo-
sphere would have to be warmed by either pump-
ing artificial greenhouse gases into the atmo-
sphere, angling orbiting mirrors that reflect 
sunlight at the planet, or importing ammonia or 
methane to Mars via asteroids.

Once the planet is warmed, reservoirs of wa-
ter deep in the crust would have to be released to 
activate a hydrological cycle, which would in turn 
release carbon dioxide and water vapor. This 
would then yield bodies of water, microorgan-
isms, and the subsequent creation of plants, oxy-
gen, and hydrogen. Another possibility is that 
Mars will eventually warm on its own as the sun 
continues to expand. In this scenario, it is pos-
sible that space colonies orbiting Earth could mi-
grate to Mars with the eventual habitation of the 
red planet.

Biospheres
Until the natural or induced warming of 

Mars occurs, a colony of bio-domes could be 
erected on the surface of the planet. Self-con-
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nitrogen pressure causes nitrogen narcosis, whose 
symptoms are euphoria, sleepiness, instability, 
and eventually blacking out. Narcosis usually oc-
curs around 30 meters (100 feet) under water and 
requires decompression on the ascent to prevent 
decompression sickness (DCS), also referred to 
as “the bends.” Decompression can be done inside 
a chamber in the case of extremely deep, high-
pressure exposure, or can be done in a series of 
“stops” at preset depths during the ascent to the 
surface to allow the nitrogen to slowly be released 
from the body.

The severity of DCS and subsequent length 
of decompression time are directly related to 
depth and the amount of time spent under water. 
For example, extended underwater habitation ex-
periments such as the 58-day Tektite I mission in 
1969 required more than 19 hours of decompres-
sion therapy before the aquanauts were able to 
safely return to the surface (Edel, 1971).

In the 1960s, divers started to experiment 
with saturation diving, where the diver is exposed 
to a high-pressure atmosphere over a sufficient 
duration that the diver’s tissue gases reach equi-
librium with the pressure of the underwater en-
vironment. Once the diver’s tissues reach this 
equilibrium, the decompression time does not in-
crease with additional time under water.

The first underwater habitat was developed 
in the early 1960s by aquanaut Jacques Cousteau. 
Conshelf I, as it became to be known, was even-
tually constructed 10 meters below the water off 
the coast of France in the Atlantic Ocean in 1962. 
Two aquanauts lived in the habitat for seven days 
and were among the first to breathe a mix of he-
lium and oxygen.

Conshelf I was followed by Conshelf II in 
1963 in the Red Sea and Conshelf III in 1965 in 
the Mediterranean, where aquanauts lived at 
depths down to 30 meters and 100 meters, respec-
tively (Vorosmari, 1997). Various other underwa-
ter living experiments also were conducted in the 
1960s and 1970s, including SEALAB off the coast 

ations that might otherwise consume large areas 
of land.

Underwater Colonies
Anyone who has read Jules Verne’s classic 

novel, 20,000 Leagues Under the Sea, has proba-
bly been inspired by the possibility of living un-
der water. Since the Earth is about 70% water and 
humans most likely evolved from the sea, it would 
only seem natural for us to seek shelter beneath 
its surface. However, underwater colonies actu-
ally pose many of the same, if not greater, design 
challenges than colonies in outer space. Intense 
pressure from water, cold temperatures, minimal 
light, food-production and waste-disposal needs 
are some of the hurdles that design must solve in 
the sub-marine environment.

Dissolved gases under pressure are a special 
problem in water. In contrast to the decrease in 
atmospheric pressure with increases in altitude 
in outer space, pressure increases with depth un-
der water. The air we breathe at sea level contains 
78% nitrogen, 21% oxygen, 0.94% argon, and 
0.04% carbon dioxide and has an atmospheric 
pressure of 14.7 psi (one Atmosphere). Since wa-
ter is heavier than air, it exerts more pressure.

According to the National Oceanic and At-
mospheric Association (2010), a one-inch column 
of water 33 feet tall weighs 14.7 pounds. This pres-
sure, resulting from the weight of water, is called 
hydrostatic pressure. So at a depth of 33 feet, a 
diver experiences atmospheric and hydrostatic 
pressure equal to twice the amount of atmospheric 
pressure. We call this two Atmosphere Absolute 
(ata), one from the atmosphere and one from the 
water. This is called absolute pressure. That means 
our diver is under a pressure of 29.4 pounds per 
square inch (psi). At 66 feet down a diver is at 
three ata and experiences a pressure of 44.1 
pounds per square inch, and so on.

As a person descends under water, the in-
creased pressure causes more nitrogen and oxy-
gen to be dissolved in the blood. The increased 
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The entryway within the wet porch, called 
the moon pool, remains open as the equivalent 
air pressure inside prevents water from flowing 
in. The pressure of the habitat, which is about 47 
feet below the surface, is roughly 2.5 times greater 
than the atmospheric pressure found at sea level.

At this depth and pressure, non-saturated vis-
itors have less than about 80 minutes to visit and 
return to surface before they risk DCS. However, 
the mission aquanauts living in Aquarius can stay 
indefinitely, but undergo 17 hours of decompres-
sion that is conducted within Aquarius itself while 
on the bottom. At the end of decompression, 
aquanauts exit Aquarius and scuba dive back to 
the surface (NOAA, 2010).

The decompression chamber is essentially a 
“closed” system that maintains sea level pressure. 
Since the habitat portion of Aquarius is only at 47 
feet (14.3 meters), the mix of air used inside is 
similar to the mix we breathe at sea level. How-
ever, colonies at greater depths require mixes of 
helium and oxygen or mixtures with higher oxy-
gen/lower nitrogen contents (Nitrox) to reduce 
nitrogen uptake in the body tissue. Helium/oxy-
gen mixtures were used in the Conshelf missions 
mentioned above.

Closed systems are similar to submarines, 
where the interior air pressure is maintained at 
around 1 ATM. Such systems require heavy con-
struction, to withstand the pressure differential, 
and either pressure shafts or submarines are 
needed to transport people to the submerged hab-
itats. Unlike ambient systems, air mixtures in 
closed systems can be kept closer to sea-level con-
ditions. The water depth determines the thick-
ness of walls and openings and the types of con-
nections.

In both types of underwater habitats, oxygen 
must be replenished, carbon dioxide removed, 
temperature maintained, fresh water supplied, 
waste recycled, and power generated. Oxygen can 
be supplied from pressurized tanks or through 
the electrolysis of water, and carbon dioxide can 

of Bermuda, Tektite (mentioned above) in the U.S. 
Virgin Islands, Aquarius, Marine Lab, La Chal-
upa (now Jules’ Undersea Lodge), and the Scott 
Carpenter Space Analog Station.

There are also currently several recreational 
underwater destinations, including the Hilton 
Maldives Undersea Restaurant in Singapore, Sea 
World in Florida, and the Red Sea Star Restau-
rant in Israel. In addition, several projects are in 
development, including the Hydropolois Hotel in 
Dubai, the Poseidon Undersea Resort in Fiji, and 
aquanaut Dennis Chamberland’s Atlantica–
dubbed the first permanent human underwater 
colony. With the exception of Atlantica, most of 
these are all at moderate depths between 5 and 7 
meters and thus do not require decompression.

Shallower depth colonies, although easier to 
construct and colonize, may not provide ample 
protection against a biological pandemic or a cos-
mic collision. They may still, however, provide an 
alternative to continuing to consume land, be able 
to generate power from tides, and ultimately 
spawn new discoveries in marine biology and 
oceanography. They may also provide safe refuge 
sites for coastal regions threatened by tsunamis 
and hurricanes.

Deeper colonies around the 30 meter depth 
are either open to ambient pressure, which means 
that the interior atmosphere pressure is equal to 
the surrounding water pressure or are closed to 
the sea with air-locked hatches, whereby interior 
pressure is less than the surrounding water pres-
sure. Open systems are frequently employed in 
lab settings where divers are submerged for long 
periods and entering and exiting the lab into the 
water on a frequent basis.

Since the pressure inside the lab is equal to 
the water pressure, there is no need for decom-
pression each time the diver swims back into the 
lab. The Aquarius Undersea Laboratory, located 
62 feet below the surface off the coast of Key 
Largo, Florida, is an example of an ambient pres-
sure habitat.
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does, flooding, and terrorist attacks are replacing 
the antiquated, decrepit structures of the past. 
Many humans are beginning to look forward, take 
responsibility for the destruction we have already 
caused, and plan for future generations.

But are we planning far enough into the 
future? What will our planet be like a thousand 
years from now?...or a million years from now? 
Are we prepared for events beyond our control 
such as a cosmic collision, a nuclear holocaust, a 
biological pandemic, or a complete depletion of 
natural resources? Are we prepared for the inev-
itable events that will occur due to the aging of 
our sun? Do we have a plan to preserve the hu-
man race when there is no sun and/or if our planet 
is ultimately destroyed?

Although these events are likely millions to 
billions of years away, humanity needs to consider 
planning for global catastrophic events of a sim-
ilar nature. Professional fields need to expand in 
knowledge in order to plan, design, and imple-
ment projects to respond to such potential 
 disasters.

Due to its visionary and progressive nature, 
the field of architecture should assume a leader-
ship role in this long-term sustainability mission. 
As Daniel E. Williams writes in his book, Sustain-
able Design: Ecology, Architecture and Planning 
(2007), the architect—as a generalist—is well 
suited for this role. Architects help to facilitate 
multidisciplinary teams that work toward re-
thinking how things are done and challenging 
standard practice.

The joining of science and design, a mutu-
ally beneficial collaboration, offers a new conver-
sation that is holistic and inclusive. Bringing en-
vironmental fields together with government and 
the public and illustrating the power of design as 
a tool in helping to achieve a sustainable future is 
a compelling challenge and a call to bold action. 
This challenge requires that the profession of ar-
chitecture expand its reach in knowledge and 
scope, and to not only require multiple disciplines 

be removed by scrubbers containing a solution of 
soda lime. Sea water can be distilled into fresh 
water via distillation plants that remove salt. Elec-
trical power can be generated from nuclear reac-
tors, steam turbines, diesel engines, or from cur-
rents, using a tidal-turbine. Sunlight can be 
“siphoned” from the surface using solar tubes or 
“light pipes” that employ advanced optics.

In addition to potentially providing protec-
tion against disasters, underwater designs could 
be tapped when land becomes scarce. The engi-
neering advances applied to submarine environ-
ments may also spawn new technologies that can 
be applied in areas prone to earthquakes, flood-
ing, hurricanes, and tornadoes.

After the devastation to Louisiana from Hur-
ricane Katrina in 2005, architects and engineers 
have been devising new designs for flood man-
agement and structures that are capable of resid-
ing in water and/or resisting lateral forces from 
extremely high winds. Other novel concepts have 
included structures capable of rising above the 
water via hydraulic columns or structures that ac-
tually float such as Naval architect Giancarlo 
 Zema’s “Floating House.” Zema also has designs 
for cliff dwellings that rise from the depths of the 
sea up along steep shoreline cliffs.

Conclusion
Our planet is currently facing complex global 

environmental challenges such as climate change, 
depletion of natural resources, destruction from 
natural disasters, pollution, disease, poverty, pop-
ulation growth, and threats from extremist ter-
rorist groups. In recent times, many professions—
particularly the fields of architecture and 
engineering—have embraced notions of 
sustainability in varying capacities by designing 
products that minimize their carbon footprint.

Green buildings, renewable energy technol-
ogies, and zero-emission vehicles are becoming 
more commonplace, and structures capable of 
withstanding seismic impacts, hurricanes, torna-

World Future Review  October-November 2010  17



gration of our planet.
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at the table but to learn these disciplines well 
enough to understand and address the challenges 
facing us.

Indeed, the architects of the twenty-first cen-
tury must continue to gain expertise in the sci-
ences and humanities. They should not only be 
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Letters
Correspondence from Chronicle readers.

Confusion Builds Over Architecture’s
Terminal Degree

DECEMBER 4, 2013

To the Editor:

In 1990, the Association of Collegiate Schools of Architecture appointed a Doctor of

Architecture Task Force charged with ensuring a well-informed debate about the

potential of a doctorate in architecture as the professional degree. The task force led

to a Declaration of the Five Presidents (of ACSA, the American Institute of Architects,

the American Institute of Architecture Students, the National Architectural

Accrediting Board, and the National Council of Architectural Registration Boards),

signed in June of 1991, which stated “that architecture would be best served, if by

January 1, 2001, there should be only one designation for the professional degree in
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architecture offered by all schools in North America.” The degree title was not

specified in the declaration, but it was agreed that a single professional degree would

mitigate public confusion and misunderstanding about the proliferation of pre-

professional, professional, and post-professional degree titles, mitigate public and

institutional misunderstanding of the quality and range of education necessary to

fulfill degree requirements for a professional degree in architecture, and address the

growing demand for reciprocation of professional qualifications.

Unfortunately, 2001 came and went and there is still not a single, uniform degree

structure in the field of architecture. If anything, the degree structure is more

complicated and confusing than ever. Although the master of architecture, or M.Arch.,

has historically been recognized and marketed as the terminal degree in the general

study of architecture, this has been a source of confusion since most fields that offer

terminal professional degrees—such as law, medicine, and pharmacy, to name a few

—grant them at the doctoral level. While most architecture schools accept the M.Arch.

as a minimum requirement for a tenure-track teaching/research position, other

programs outside of architecture, regional accrediting bodies, students, and the

general public are unaware of this naming convention. In the past decade, rapid

changes in the physical environment, the economy, and technology have fostered a

surge of architectural/design related courses, concentrations, and degree programs

offered outside of schools of architecture in the sciences, arts, and humanities. Since

architecture’s proprietary naming system is unknown to these programs, M.Arch.

candidates are losing potential opportunities to cross disciplines due to a semantics

deficiency. Current faculty members have also expressed difficulty conducting cross-

disciplinary research and/or in the ability to secure research funding since many of

the grant-awarding agencies are also unaware that the M.Arch. is indeed a terminal

degree of study and not an intermediary master’s degree between the baccalaureate

and the doctorate.

To add to the confusion, the NAAB accredited a doctor of architecture in 2004 as a first

professional degree at the University of Hawaii at Manoa. Since the inception of this
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degree, the NAAB stipulates a minimum of 150 semester credit hours, or the quarter-

hour equivalent, in academic coursework in professional studies and electives for the

B.Arch.; 168 semester credit hours, or the quarter-hour equivalent, of which 30

semester credit hours, or the quarter-hour equivalent, must be at the graduate level in

academic coursework in professional studies and electives for the M.Arch.; a

minimum of 120 undergraduate semester credit hours, or the undergraduate-level

quarter-hour equivalent, and a minimum of 90 graduate-level semester credit hours,

or the graduate-level quarter- hour equivalent, in academic coursework in

professional studies and electives for the D.Arch.

The NAAB states that the only difference between the three programs is the amount of

liberal-arts education they include. However, this distinction is not reflected among

the different master of architecture tracks. For example, in addition to the five-year,

168-credit M.Arch., there are also M.Arch. tracks for those with previously completed

bachelor’s degrees. If the undergraduate degree is a pre-professional degree in

architecture or environmental design, the M.Arch. track is usually between 42 and 60

graduate credits (4+1.5/2 years); if the undergraduate degree is a non- preprofessional

degree in a non-architectural discipline, the track is usually between 105 and 112

graduate credits (4+3/3.5 years). Oddly, these “non-preprofessional plus” M.Arch.

tracks are actually structured similar to the D.Arch. in terms of “liberal-arts

education,” credits, content, and duration, and in theory, should be renamed as such

to mitigate any confusion. However, the NAAB states that they do not have the

authority to compel schools to rename their degree programs ... any renaming is at

the discretion of the schools. As it currently stands, graduates from 4+3/3.5-year

programs have no way to indicate their tenure and are subsequently grouped into a

category that has a much lower minimum credit requirement. In essence, the M.Arch.

understates the amount of education a 4+3/3.5-year student receives. This

marginalization is having profound economic consequences since 4+3/3.5-year

graduates are unable to secure positions and salaries that are commensurate with

their experience.
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The field of law underwent a similar debate throughout the 20th century. In the early

1900s, American law schools began discussions to change the traditional degree

awarded in law schools, the Bachelor of Laws (LL.B.), to the Juris Doctorate (J.D.).

William Rainey Harper of the University of Chicago was an early advocate of the

change and the first to implement the J.D. in 1902. He believed that “the value of a

liberal education prior to professional study would give higher meaning and interest

to the practice of a learned profession.” In 1906, the Committee on Legal Education of

the American Bar Association officially recommended the adoption of a resolution

favoring the J.D. degree for those who had previously obtained a degree in arts or

sciences. For the next sixty years, many schools followed the University of Chicago’s

lead, some retained the LL.B., and some offered combinations of the LL.B., the J.D.,

and the LL.M. Such diversity of degree titles and curriculum prompted the ABA

Section on Legal Education and Admissions to revisit the resolution in 1964. The ABA

stated that the lack of uniformity in nomenclature was confusing to the public and

that the J.D. terminology more accurately described the relevant academic

accomplishment at approved law schools. The section, therefore, recommended that

such schools confer the degree of Juris Doctor on those students who successfully

completed the program leading to the first professional degree in law. By the early

1970s, the J.D. was adopted as the single, first professional degree in law in all ABA

approved programs. Schools of law, as advised by the ABA, offered the J.D.

retroactively to alumni holding a LL.B. degree ... this transition is still taking place in

Canada. The LL.B.-to-J.D. title change was a battle of semantics that ultimately

elevated the law profession’s stature and leveled the playing field for law graduates.

In law’s case, the five-year LL.B. programs were phased out in favor of the 4+3 J.D.

curriculum. In architecture, there is a desire to keep the five-year B.Arch. and M.Arch.

programs, which would make a transition to a single D.Arch. more of a challenge since

it would be difficult to meet the 90-graduate credit minimum in these programs. The

pre- professional plus M.Arch. programs would also fall short and would have to be

extended somewhat, which might be seen as a form of unnecessary degree inflation.

Another option architecture could consider is to follow the more standard, three-
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tiered baccalaureate, masters, doctorate system that is more recognizable in other

fields. Currently, there are M.Arch. programs designed for holders of the B.Arch.;

however, there are currently no such transitional programs for M.Arch. to D.Arch. In

fact, the NAAB will not even allow M.Arch. holders to apply to the D.Arch. at the

University of Hawaii. As mentioned above, existing non-preprofessional plus M.Arch.

programs can really be renamed to D.Arch. as it stands now. However, without a

national mandate or recommendation from the NAAB, schools remain apprehensive

to take the lead. In addition, the NAAB is currently not allowing a renamed D.Arch. to

be offered retroactively to alumni. Without the ability to help alumni, many schools

feel this will only add to the disparity around degree titles.

To bypass the confusion around accredited degree programs, some schools have

created non-accredited graduate programs at the masters and doctorate level.

Integrating non-accredited degrees with accredited degree programs may provide yet

another solution to the nomenclature confusion and may provide additional options

for students who do not have the desire to practice architecture. As it stands now,

many schools oversaturate their M.Arch. programs with both research and theoretical

investigation with the practical and technical requirements more suitable for the

profession. Graduates end up with a degree that is viewed as over-conceptual by

practice and not scholarly enough for academia.

Ultimately, architecture has to eventually deal with its confusing and proprietary

degree nomenclature or it is in jeopardy of putting itself out of business. As global

challenges continue to escalate, there will be an increased overlap among disciplines

in order to provide comprehensive, sustainable solutions. Architects may be the ideal

candidates to tackle some of these issues, but may be marginalized into narrow roles

stereotyped from an antiquated degree structure. Degree titles should reflect the

quality and range of education necessary to fulfill the degree requirements and need

to be able to command salaries that are adequate enough to pay back student loan

debt. Whether the doctor of architecture solves some of this issues remains to be seen,

but at the very least, it will mitigate the confusion as to what is considered a
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“terminal” degree, and may be the catalyst that reinvigorates architecture with the

capacity to be a dynamic force in the new millennium.
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Abstract
The time is imminent for the field of architecture to join the ranks of other professional 
degree programs such as Medicine, Law, and Pharmacy and grant doctorates as first–
professional degrees. The Doctorate of Architecture (D.Arch) is now a NAAB (National 
Architecture Accrediting Board) accredited degree program that is offered as a first–
professional terminal degree. The D.Arch finally grants the profession a title that more 
accurately reflects the extraordinary amount of time,  diligence, and scholarly 
accomplishment  not indicated by the current “Masterʼs” title. The D.Arch can be created 
as a new degree and/or can retroactively replace existing professional degrees in 
architecture. This  paper will explore the advantages, disadvantages and potential 
strategies for the widespread implementation of this much needed nomenclature 
change in the field of architecture. 

Architectural Education: An Overview
Formalized architectural education has been scrutinized since its inception in 17th

Century France with the establishment of the Academie Royal dʼArchitecture and 
successive Ecole des Beaux Arts.  Although these early schools were based on an 
experiential learning model, early critiques cited the over-emphasis of  theory and lack of 
practical training in academia—a debate that is  still ongoing in architectural curricula 
today. Many of the early  artisans and “master craftsman” believed that design and 
architecture simply could not be taught. Despite the aspersion, architecture programs 
continued to emerge throughout much of  the world. In the United States, formal 
architectural education was first offered in 1865 at the Massachusetts Institute of 
Technology;  this was followed by the University of  Illinois at Urbana in 1867, Cornell in 
1871, and Columbia in 1881. Robert Ware, who established the MIT program, and 
Charles Babcock, who established the Cornell program, both believed that “university 
training objectified the distinctions that early professionals had unsuccessfully drawn 
between architects and builders.”1

The original curriculums were structured across a four–year time frame. However, as 
architecture expanded beyond mere drafting and rendering to include topics such as 
construction and building technology, structural analysis, and mechanical/electrical 
systems, the need to extend the four–year program became increasingly necessary. 
Cornell University was the first to adopt a five–year professional program in 1922. In the 
1960ʼs,  other schools such as the University of California, Berkeley developed four plus 
two programs where students would study four years of environmental design in 
undergraduate followed by two years of concentrated studies in architecture at the 
graduate level.2 It was also during this time that some programs began to be structured 
for students with diverse undergraduate backgrounds as a way to expand and build 
upon the interdisciplinary nature of the field. “The reason for the focus on liberal studies 
was partly to make architectural education more like the education of  lawyers and 
physicians, who start their professional education only after completing a bachelorʼs
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degree in liberal studies or science. But another reason, surely, was to enable architects 
to be better informed and therefore better able to talk intelligently about matters outside 
the realm of architecture, especially in their encounters with clients.”3

The definition of what “architecture” is has been morphed, expanded and modified by 
the individual schools offering the programs, technological advancements, and the 
diversification of  fields in which graduates embark upon. “There are separate and 
autonomous schools or colleges of architecture; departments and programs within 
graduate schools; schools of art or design; schools oriented toward engineering, 
technology, or sociology; and schools of urban planning and design.”2 An article in 
Progressive Architecture stated, “That from about the 1960ʼs on, schools of architecture 
have been shifting inexorably away from the role of educating practicing architects 
toward establishing architecture as an abstract discipline that is studied for its own 
intrinsic interest.” 4

The “Architecture of the 21st Century”  is indeed a field that has grown beyond the 
drafting boards. It  is  a field that is pushing the technological envelope in computer 
graphics and media studies by developing virtual environments, animations, video, and 
high end graphical and educational communication techniques; it  is a field that is 
researching universal design solutions to make spaces and environments accessible 
and usable to individuals with diverse abilities; it is  a field that is exploring sustainable 
and ecologically sensitive design solutions for buildings, structures,  cities, landscapes 
and entire regions that will impact our global energy consumption and the future of our 
planet;  it is a field that is planning and designing strategies in response to the eminent 
dangers of terrorism and natural disasters; it  is a field that examines environment—
behavior interactions and responds to the needs of  diverse socioeconomic groups; it is 
a field that preserves heritage,  history and culture by restoring and/or reinterpreting the 
story of a place; it is a field that seeks to improve our physical, psychological, 
economical and sociological environments, and a field that will ultimately face the 
challenge of sustaining life on earth. Such diversification and branching out of the field 
have been factors in advocating a liberal arts education as the foundation for the 
professional track. 

As of 2007, there were 176 NAAB accredited degree programs housed in 117 schools 
in the U.S. with 23,932 full time students enrolled. Of the 176 programs, 55 are five–
year B.Arch tracks, 18 are five–year M.Arch tracks, 54 are pre-professional four–year 
degrees followed by two–year M.Arch tracks (four plus two), 48 are four plus three–four 
year M.Arch tracks designed for students with undergraduate degrees in fields other 
than architecture. In 2004, the NAAB accredited the first D.Arch program at the 
University of Hawaii, Manoa.5

Title Deflation
The current system of architecture degree nomenclature described above is 
complicated—especially to those outside of the architectural arena. The diversity of 
degree titles and the lack of uniformity between programs have caused confusion for 
embarking students, accreditation standards, and faculty attempting to secure long-term 
appointments in higher education. A  “terminal degree” is defined as the highest 
academic degree in a field of study. In most fields, this is usually granted as a PhD 
(Doctor of Philosophy). However, degrees such as architectureʼs M.Arch, landscape 
architectureʼs MLA, fine artʼs MFA, and library scienceʼs MLS have traditionally defined 
their “master” titles as terminal degrees. Although several PhD programs are offered in 
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these fields, they are often reserved for research in a specific area outside the general
study or practice of such fields.  The field of medicine offers a more straightforward 
model,  where the M.D. (or D.O.) is considered a terminal, professional degree in the 
general practice of medicine, and the PhD is considered a terminal,  research degree in 
a specific area. The degrees are regarded as separate, but with equal standing. There 
are also several programs that offer joint MD/PhD tracks. 

The “terminal masterʼs”  denotation is problematic when graduates attempt  to teach 
courses or conduct research in a cross-disciplinary manner.  Many programs offer 
architecture and/or design related courses, curricula, concentrations and entire degree 
programs under the umbrella of other schools within a college or university.  An example 
of this is the rapidly emerging field of sustainable design. Many sustainable design 
programs are offered under schools of environmental science, natural resources, 
agriculture/life sciences, or engineering.  A  graduate with an M.Arch degree may indeed 
be the ideal candidate to teach in such an area,  but will be cast aside in favor of those 
with an earned doctorate, which is traditionally accepted as the terminal degree in those 
particular schools offering the program. Landscape design/architecture programs may 
also surface in the same fashion—often under schools of ecology or agriculture. Even if 
a terminal masterʼs candidate is selected as a faculty, he/she may have difficulty in 
securing tenure, grants, and respect among colleagues, peers, and students due to the 
lack of  “doctor”  in the title. As a result, architecture faculty are bound solely to schools of 
architecture and are often viewed by other departments as “amateurs teaching 
elementary courses.”28 Art and Design students with MFA degrees also suffer from 
similar discrimination. 

As Robert Gutman points out, schools have become more rigorous 
about teacher qualifications. This is the price schools have paid for 
becoming more integrated into the academic culture of the universities. 
Design faculty members are reviewed by committees from other 
disciplines;  they must be truly distinguished to receive long-term 
appointments. Architectural history, formerly a sideline activity of design 
teachers,  is now taught by faculty members who have doctoral degrees 
in architectural history.” 3

The NAAB recently stated that they make no distinction between B.Arch, M.Arch and 
D.Arch,  except for the amount of liberal arts education they include. However, they also 
recognize that regional accrediting bodies,  which largely drive the push to hire only 
PhDʼs, will defer to professional accrediting bodies that have defined their minimum 
standards.  They (NAAB) state that they could help the cause by better defining the 
definition of a terminal as the B.Arch, M.Arch, or D.Arch, as each is designed to give 
access to the profession, and that the minimum degree for teaching architecture at any 
level can be the B.Arch.6 The problem is that regional accrediting bodies rarely defer to 
professional accrediting bodies and still view a degree title without the term “doctor”  in it 
as a substandard.

Darlene Brady also addressed the complexity  of architectural degree structure in her 
paper, The Education of an Architect: Continuity and Change:

To prepare students to meet the complex demands of  the profession, the 
degree focus and structure as well as the curriculum must facilitate the 
relationship  between a general education and specialized study. 
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Unfortunately, the current number and type of architecture degrees and 
the lack of relationship between them are confusing. Specializations in 
architecture are currently offered as a part of the first professional 
architecture degree, as post  professional architecture degrees, and as 
degrees for which the professional architecture degree is not required as 
a prerequisite.  This is counterproductive to a holistic approach to 
architectural education. A degree structure that enables an understanding 
of the multi-disciplinary and the specific must address issues of 
educational standard minima, specialization, and titles.7 The architect 
should become a “generalist” with the ability to make connections 
between the many facets of architecture.  To accomplish this, he/she must 
have a broad educational background that covers a wide range of topics 
and disciplines. As such, we should strive to create programs of 
architecture with a broad foundation in the liberal arts and sciences. 
Students can then bring what they learn in their general education 
classes and apply them to their architectural coursework. 7, 27

M.Arch, Practice or Research? 
As mentioned above, the definition of what  is included in architecture has indeed 
evolved over time. Such expansion has spawned architectural research in computer 
technology, educational technology, universal design, sustainable design, urban 
planning/design, structures, environmental behavior and design, mechanical/electrical 
systems, and architectural history. However,  since grants are rarely offered directly to 
the art,  design or architectural fields, funding must often be sought in the science, 
engineering, education, technology and health sectors. Grant applicants that hold 
terminal masterʼs degrees are often shunned in these arenas for the lack of doctoral 
titles and are often forced to team with PhDʼs or professional doctorateʼs from other 
disciplines to enhance credibility. Gordon Brown and Mark Gelernter point out: 

As the generation of knowledge through research has become a prime 
responsibility  of American Universities, the transmission of  practical 
knowledge has acquired a second-class status. This places architecture 
in a bind, for their subject matter traditionally dealt with practical 
knowledge, not abstract principles or empirical research. This has had 
several effects. First, although many practicing architects still participate 
fully  in schools of architecture and indeed provide leadership  for some of 
them, an increasing number of full time positions are given over to 
professional academics whose criteria of  performance are determined 
mainly  by the universities.  Second, the full time academics are often 
anxious to make the discipline more academically and theoretically 
credible and less like practical training. Architectural research, as a result, 
has modeled itself after the natural and social sciences and stressed the 
internal logic and elegance of the research more than its practical 
application…Schools are shifting away from practice but are still the only 
legal gateways to the profession.5

The irony is that many architecture graduates have actually weathered the same—if not 
more—number of years, credit hours,  and research as many doctoral programs. A 
typical 4+3.5 year program on average requires over 100 graduate credit hours and a 
year-long independent thesis project that consists of  a design component, multiple oral 
defenses,  and a written dissertation.  Some would argue that  the M.Arch is actually 
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being used as both a professional practice and a research degree—just without the 
distinction of a professional or research doctoral title. As a comparison, typical PhD 
programs average between 72 and 90 graduate credit hours and most traditional 
mastersʼ  programs average between 30 and 45 graduate credit hours.  9 (See Table 1 
below).  “Architecture academics have labored through graduate degrees, three–year 
internships,  and professional licensing exams, and are rankled by an academic 
hierarchy that sees only the designation of a “Doctor.” 10, 21

Table 1: Professional Degree Comparisons.
Table by author. 

Several papers,  such as Michelle A. Rhinehartʼs, Creating a Multidisciplinary 
Architecture: Strategies to Integrate Research into the Architectural Curriculum, have 
addressed the split between practice and research in architecture. “Caught on the cusp 
between the sciences and the humanities, architecture is both either and neither and 
more often than not, is displaced in the refugee camp of  academic alterity.”26 Reed 
Kroloff states:

We should focus on producing graduates who are “well educated”  and 
able to apply a full body of knowledge to solve problems and adapt to 
new circumstances.  This is in opposition to the “well trained”  students that 
we try to produce today, whose skills are limited to specific tasks relevant 
to the temporal demands of the profession. Our graduates cannot survive 
by knowing the practicalities of the profession as it  currently exists. 
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Degree Undergraduate
Avg Range 

Graduate
Avg Range 

Avg Total 
Years

B.ARCH 150 – 5

M.ARCH 4+2 120 60 6

M.ARCH 4+3.5 120 110–120 7.5–8

D.ARCH 120 90–120 7–8

M.S. (Typical) 120 30–45 5–6

MFA 120 60 6

MD 120 110–120 8

DDS 120 110–120 8

PhD (Typical) 120 72–90 8

MD/PhD 120 120 8–10

JD 120 90 7

Pharm.D. 90–120 120–145 7–8

MBA 120 45–60 5–6



Architecture is growing incredibly complex,  and without  the ability  to 
evolve and contribute to new knowledge to the field, our graduates have 
no way of surviving.29

Compensation
Although the M.Arch is supposed to be a degree on par with other first-professional 
degree programs such as Law, Medicine, Dentistry, and Pharmacy,  the salaries do not 
show such parity.  Table 2 shown below was obtained from the May 2007 National 
Occupational Employment Statistic Estimates, Bureau of Labor Statistics.  The figure for 
architect  does not  discern between the different degree types—it merely assumes the 
professional is a licensed architect. It also does not distinguish if the architect  is the 
owner, a partner, or just  a staffer in a firm, company or institution. In any case, the table 
shows the average annual salary for architects and architecture professors amongst the 
lowest as compared to other professions and faculty, respectively.11 The faculty figures 
include both doctorate and non-doctorate level professors teaching within architecture 
programs. As of 2007, roughly 80% of architecture faculty in the US had a non-doctoral 
ranking such as M.Arch, MS, or MFA.6 Comparing average salary by profession data 
from Table 2 to average salary by degree type in Table 3 reveals architectʼs salaries to 
be more equivalent to master degree salaries rather than professional degree salaries.12

Ironically, the United States Department of Education does not even classify the M.Arch 
as a professional degree, but rather lumps it with traditional MS or MA degrees—so 
even they seem to be confused by the nomenclature.  Oddly, the M.Arch fits their 
definition for both the professional and the research doctorate.

Repaying student loans for architecture graduates can be difficult, especially in the 
intern stages where the average starting salary of an architect is more around the $30–
40,000/year range.13 Graduates of  M.Arch programs often spend six to eight years 
(depending on undergraduate training) in school,  3–5 years as underpaid interns and 
subsequently  rack up  colossal amounts debt but will only earn roughly half the entry 
level starting salary of a recent law graduate.13 Medical graduates in the early stages of 
their residency also complain of similar disparity—however, they have the cushion of a 
potential salary in the six–figure range that often justifies their 8–12 year commitment.
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Degree U.S. Census Average Salary (2005)

Associate 37,990

Bachelor 54,689

Master 67,898

Professional 119,009

Doctorate 92,863

Table 3: Salaries by Degree Type, 2005 US Census Data
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A 2004 study conducted by the American Institute of Architects showed the field of 
architecture to be the smallest in both degrees conferred and number in practice as 
compared to law, medicine, engineering and business.14 In addition, architecture has 
the lowest percentage of graduates who pursue licensure as compared to the other 
first–professional degree programs. AIA  data gathered between 1997 and 2004 shows 
that  only about half of all architecture graduates were admitted to take the Architectural 
Record Exam.14 As a comparison, the 2005 Survey of Dental Graduates  report, 
published by the ADA's Survey Center in December 2007, shows that 98.4% of the 
2005 graduates, one year out of dental schools, were professionally  active dentists.30

The AMA  showed even higher percentages in 2006 approaching close to 100%.31 Law 
data gathered by the Association for Legal Career Professionals shows an employment 
rate close to 92% for 2007 law graduates. Of this total, 76.9% of the jobs required a 
professional license (bar exam) and 7.7% required a JD degree only;  roughly 2% of 
graduates sought advanced degrees, 6% were not employed, and a small percentage 
sought jobs outside the profession or other non-professional jobs.32
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The higher perceived levels of compensation, nobility, distinction, and gratification in 
law, medicine, business and engineering as compared to architecture were some of the 
factors  explaining this trend. Other factors include duration of  the intern development 
program (IDP), not  being able to sit for the licensing exam directly out of school, the 
cost of exams, more stringent requirements, the economy, and the diffusion/expansion 
of the discipline. “The general publicʼs lack of appreciation for the architecture 
profession and the diversity of  skills, abilities, and interests required to become an 
architect  could be a factor in architects changing their focus and career paths. 
Architectsʼ  knowledge and skills suit other professions and occupations, including 
engineering,  finance and economics,  management, software and video game 
development, and even sociology, anthropology and psychology.”14

The Doctorate of Architecture
In 1990, John Meunier, then ACSA president, appointed a Doctor of Architecture Task 
Force, charged with ensuring a well informed debate about  the potential of  a Doctorate 
in Architecture as the professional degree. The Task force led to the “Declaration of the 
Five Presidents of ACSA, AIA, AIAS, NAAB and NCARB”, signed in June of 1991, which 
sated that architecture would be best served, if by January 1,  2001, there should be 
only one designation for the professional degree in architecture offered by all schools in 
North America.10 The degree title was not specified in the declaration, but it was agreed 
that  a single professional degree would mitigate public confusion and misunderstanding 
about the proliferation of pre-professional, professional, and post-professional degree 
titles,  mitigate public and institutional misunderstanding of the quality and range of 
education necessary to fulfill degree requirements for a professional degree in 
architecture, and address the growing demand for reciprocation of professional 
qualifications.10

Unfortunately, 2001 came and went and there is still not a single, uniform degree 
structure in the field of architecture. Many students enrolled in M.Arch programs in the 
late 1990ʼs were “lured” by the empty proposition of a retroactive doctorate title by the 
time they graduated.  In 1999, the University of Hawaii, Manoa underwent a 
groundbreaking change when they replaced their B.Arch and their two and three year 
M.Arch programs with a single, six to seven year Doctorate (ArchD). The program was 
officially  accredited by the NAAB in 2004 (retroactive to 2001), and the name was 
changed to D.Arch in 2008. The NAAB requires either an undergraduate baccalaureate 
degree or a minimum of 120 undergraduate semester credit hours, or the 
undergraduate-level quarter-hour equivalent, and a minimum of 90 graduate-level 
semester credit hours, or the graduate-level quarter-hour equivalent, in academic 
coursework in professional studies and electives. 15

The University of Hawaiiʼs program is currently  structured as a 6 to 7–1/2 program 
depending on the undergraduate background and requires 215 credits (minimum of 90 
at the graduate level), a year-long thesis, and an internship requirement. The new 
program aims to provide more integration of academic and professional content,  allows 
students to take the licensing exam with better prospects of passing it,  and gives 
students more opportunities to interact with other disciplines on campus.16 The D.Arch 
is considered a first-professional degree on par with the MD, DDS, PharmD or JD and is 
meant  to give architects a richer degree and title that demonstrates the extremely high 
level of  achievement not indicated by the Mastership. W.H. Raymond Yeh, Dean of the 
School of Architecture at the University  of Hawaii, Manoa, stated that “the ArchD 
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incorporates supervised internships at architectural offices in Honolulu and throughout 
the Asia Pacific area and expands international student exchange programs with top 
ranked universities in the Asia-Pacific region, and that the new degree offers greater 
professional opportunities with actual learning experiences in these locales.”17

The University of Utah is also currently in the process of creating a professional 
architectural doctorate program. The Utah program is 3 years for those with a pre-
professional architecture undergraduate degree and 4.5 years for students with a non-
architectural bachelorʼs degree. Strangely, existing holders of M.Arch and B.Arch 
degrees are not eligible to “re-enter” or transition to the new doctorate program, since 
these are already considered first professional degrees.

Implementation
The implementation of the D.Arch will have to address the needs of both current and 
prospective students and alumni. The NAAB currently allows existing three–year M.Arch 
programs to change their degrees to D.Arch as they stand, since they already meet or 
exceed the minimum requirements. Two year M.Arch programs can also be 
grandfathered given the credit requirements are met, or at the discretion of the 
institution. However, the NAAB claims to not have the authority to compel programs to 
make the transition. “If  law and pharmacy schools are an example (see below), then 
without a specific degree mandate from any of the five architecture organizations, 
individual schools  will have to set the course.”10 Given this incoherence,  there could be 
profuse variation for both new program requirements and retroactive degree eligibility.

Indeed,  the 3–year M.Arch programs are structured to make the easiest transition to the 
D.Arch.  The 3–year M.Arch is already the most selective first professional degree with a 
national acceptance average rate of  4 applicants for each place,  compared to 3 
applicants for each 2–year M.Arch and 2.5 applicants for each B.Arch place.10,18 The 
curricular requirements and structure of completing an undergraduate degree prior to 
applying to the professional tract is consistent with D.Arch requirements and similar to 
other professional degree structures evident in Law and Medicine. As stated above, 
most three–year M.Arch programs require anywhere from 100 to 120 graduate credits 
on top  of a previously earned bachelorʼs degree, and the NAAB requires 90–graduate 
credit  hours for the D.Arch. So naturally, most three–year M.Arch holders will feel 
compelled to be granted a doctorate retroactively.  However, five–year programs and 
four plus two programs will argue that they have engaged in the same, if not more, 
architectural course work as their three–year M.Arch counterparts, but may come up 
shy in the graduate credit hour requirement due to the lack of liberal arts credits. This 
could be rectified by offering credit options to alumni for continuing education, distant 
learning, pro bono work, and for professional and/or academic work experience. One 
aspect is definite: both the B.Arch and the M.Arch will indeed become subsidiary to the 
new and improved D.Arch. 

The most egalitarian solution would be to retroactively grant D.Arch degrees to all 
B.Arch and M.Arch degree holders. However,  existing five–year B.Arch/M.Arch 
programs and two–year M.Arch programs would have to be expanded in duration to 
meet  the new D.Arch requirements. The longer degree tracks may not sit well with some 
faculty  and students. In 2007, there were roughly 23,932 full time architecture students 
enrolled in a NAAB accredited program. Of this total, roughly 61% were B.Arch 
students, 15% were five–year M.Arch students, 12% were two–year M.Arch students, 
and 11% were three–year M.Arch students.6 As evident from these numbers, many 
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schools are, and will continue to be reluctant to phase out their most populated five–
year B.Arch programs. The B.Arch remains a popular choice for high school graduates 
who want a direct path to professional practice. 

Some proponents of the five–year structure have proposed to change all five–year 
B.Arch titles to M.Arch to maintain the rapid path to licensure, and convert two and 
three–year M.Arch programs to D.Arch programs. There still could be several different 
paths leading to the D.Arch dictated by the type of undergraduate training. Students that 
require supplemental training could complete course/internship  requirements between 
semesters or during summer months as a way to keep  the total time frame of the 
program within a reasonable window.

Another aspect the architectural doctorate can attempt to solve is the relationship (or 
lack of) between research and practice in architecture. The NAAB defines the D.Arch as 
a professional degree designed for entry in the profession. However,  with roughly half of 
architecture graduates pursuing non-practice based careers, the expansion of the field 
of architecture into other disciplines, and the increase of research by architecture 
faculty, the D.Arch may indeed have to contain both research and practice options. As 
previously stated, the field of Medicine contains both a practice doctorate (M.D., D.O.) 
and a research doctorate (PhD); the degrees can be earned separately or 
simultaneously. Similarly, some law programs offer a J.D. for those who wish to practice 
law and a S.J.D. for those more interested in research/teaching. Architecture, with the 
lowest percentage of graduates entering practice as compared to the other professional 
degrees,  ironically has no “professional bail out”  option. Students that labor through 6–8 
years for an M.Arch and decide to not practice architecture are essentially strapped for 
options—and as emphasized earlier in this paper, advancement in the teaching/
research arena can be challenging with only a “masterʼs” title.

Architecture, however, is different than other professional degree programs in that its 
content is no longer solely confined to practical training. Many schools of architecture 
actually claim they are not teaching students to be architects, but teaching architecture 
to students.  To add to the identity crisis, M.Arch tracks and U.Hawaiiʼs D.Arch program 
already require an independent thesis component—a component not required by other 
professional degree programs, but rather indicative of research doctorate programs.  
The new doctorate degree structure in architecture has the potential to bridge the gap 
between the arts and sciences and the pragmatic and the theoretical. There can be 
separate and/or simultaneous tracks similar to Law and Medicine, such as D.Arch/
PhD.Arch or D.Arch/S.D.Arch, or A.D./A.D.S. A simpler option might be to structure the 
D.Arch as the sole research/practice degree for the general study of architecture, and 
reserve PhD programs for more specific areas of interest. 

As mentioned earlier, some would argue that the M.Arch degree is  already the sole 
research/practice degree—just  without the proper degree title. Thus, some schools 
might  merely choose to rename their existing, over-extended M.Arch programs to 
D.Arch;  others may choose to expand their existing curricular requirements for the new 
D.Arch.  “If  the LL.B. to J.D. process is  instructive, architects can expect decades of 
argument  while few schools move forward on an individual basis. Eventually the 
pressures of students seeking parity with other graduates,  faculty seeking parity among 
university  colleagues, and alumni seeking to have their B.Arch,  M.Arch, 3–year 
internships,  and/or registration qualify  them for retroactive doctorates will push the 
movement to consensus and architects will have a single professional degree.” 10
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Precedents
There are several precedents that can be examined to expedite the transition to a single 
degree structure in architecture. The following case studies discuss architectureʼs own 
B.Arch to M.Arch transition, the groundbreaking L.L.B to J.D. in Law, and professional 
doctorates in Pharmacy, Physical Therapy and Occupational Therapy. 

B.Arch to M.Arch. 
Many five–year B.Arch programs have recently upgraded their titles to M.Arch, 

recognizing the marketability of the higher title.

 As Robert Ivy points out  in an editorial in Architectural Record, for most 
people in the larger world, a bachelorʼs diploma signifies a 4–year 
undergraduate degree. Few outside of architectureʼs inner circle 
understand that the B.Arch.  is designated as a “First Professional 
Degree,”  or that it stands for a 5–year education often accompanied by 
a thesis or other rigorous requirements.  In addition, the masterʼs has 
become de rigueur for anyone with the hope of teaching on a university 
campus, including valued practitioners hoping to return to the 
classroom. Unfortunately, the perception of the B.Arch. has become 
devalued on campuses overrun with Ph.D.ʼs, ergo a strong impetus for 
change.  There would be much homework to accomplish to ensure that 
the pedagogical system be equal to the designation. 19

Martim Harms,  Dean of  Texas Tech, was the first to implement this upgrade. More 
schools followed suit, and as of 2007, there were 18 five–year M.Arch programs 
accredited by the NAAB.6 Several schools offered the M.Arch retroactively to alumni 
with B.Arch degrees. Tulane University held a grand ceremony with roughly 350 alumni 
in New Orleans that raised almost $100,000. Some schools, such as Montana State 
University, required candidates to complete a brief online course to retroactively obtain 
the new M.Arch diploma. Other schools evaluated graduates based on individual 
experience in either the practice or academic arenas.

Law: LL.B. to JD. 
In the early 1900ʼs, American Law schoolʼs began discussions to change the traditional 
degree awarded in law schools, the Bachelor of Laws (LL.B.) to the Juris Doctorate 
(J.D.) William Rainey Harper of The University of Chicago was an early advocate of the 
change and the first to implement the J.D. in 1902. He believed that  the value of a 
liberal education prior to professional study would give higher meaning and interest  to 
the practice of a learned profession.20 In 1906, the Committee on Legal Education of the 
American Bar Association (A.B.A.) officially recommended the adoption of a resolution 
favoring the J.D. degree for those who had previously obtained a degree in arts or 
sciences.21 For the next sixty years,  many schools followed the University of Chicagoʼs
lead, some retained the LL.B., and some offered combinations of the LL.B., the J.D. and 
the L.L.M. Such diversity of degree titles and curriculum prompted the A.B.A. Section on 
Legal Education and Admissions to revisit the resolution in 1964. The A.B.A. stated that 
the lack of uniformity in nomenclature was confusing to the public and that the J.D. 
terminology more accurately described the relevant academic accomplishment at 
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approved law schools.  The section, therefore, recommended that such schools confer 
the degree of Juris Doctor (J.D.) on those students who successfully complete the 
program leading to the first professional degree in law.22 By the early 1970ʼs, the J.D. 
was adopted as the single, first professional degree in law in all A.B.A. approved 
programs. Schools of Law, as advised by the A.B.A., offered the J.D. retroactively to 
alumni holding a L.L.B. degree. The L.L.B. to J.D.  title change was a battle of semantics 
that  ultimately elevated the law professionʼs stature to that of other professional degrees 
such as the M.D. in medicine and D.D.S in dentistry. 

Pharmacy: B. Pharm. to Pharm.D. 
In the United States, the traditional first-professional degree in pharmacy was the five–
year B. Pharm. However, in 1990, the American Association of Colleges of Pharmacy 
(AACP) mandated that a doctorate in pharmacy (Pharm.D.) would replace the B.Pharm. 
and become the new first-professional degree. The Pharm.D. requires at least two 
years of specific pre-professional coursework followed by four academic years (or three 
calendar years) of  for professional study. Pharmacy colleges and schools may accept 
students directly from high school both the pre-pharmacy and pharmacy curriculum, or 
after the completion of  the college course prerequisites.23 The AACP went on to state 
that  any other title other than the doctorate would further cloud an issue already 
confusing,  not only to the profession, but also to the constituency it  serves. The doctor 
of pharmacy title conveys the educational message intended: that education for the 
proper provision of pharmaceutical care demands a doctoral level curriculum.24 By 
2005, all B.Pharm programs were officially converted to Pharm.D programs.23

The new doctorate quickly prompted many alumni and practicing pharmacists to seek 
retroactive upgrades. NARD, the national association representing independent 
pharmacy, recommended the grandfathering of the Pharm.D. to all practicing 
pharmacists.  Non-practicing B.Pharm graduates engaged in research/teaching also 
expressed interest  in obtaining a retroactive Pharm.D. The AACP recommended that 
faculties should give consideration to nontraditional paths to earning a Pharm.D degree, 
improvement of curricular-based continuing education, and discussions with 
professional organizations on issues of  experience equivalency with academic 
competencies.24

Physical Therapy: BPT to DPT. 
The American Physical Therapy Association has stated that by 2020, all entry-level 
degree programs should be at the doctorate level, and as of 2007, 180 of the 210 
programs are at the doctorate level.25 The Bachelorʼs of Physical Therapy was 
completely  phased out in the late 1990ʼs and replaced by two master program paths 
and two doctorate program paths. There is a direct four plus two Masterʼs for students 
who completed a non-physical therapy bachelorʼs degree, a transitional Masterʼs for 
students who completed a bachelorʼs in physical therapy, a direct four plus three 
Doctorate in Physical therapy for students who completed a non-physical therapy 
bachelorʼs, and a transitional Doctorate in Physical Therapy for students who graduated 
with a physical therapy bachelorʼs under the old system. Other health fields such as 
Occupational Therapy and Audiology are also in the process of converting bachelor and 
master programs to first professional doctorates. 

Many critics have cited the new programs as degree inflation and consider them as a 
cheapening of the doctoral education. But as programs are adopted, other programs 
must eventually conform as to not  lose enrollments to the new and improved degree 
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titles and structures.25 The field of architecture, however, should not be scrutinized in 
the same manner. The majority, if not  all, of the professional doctorates in the health 
fields do not require a major research project—a component required of most current 
graduate architecture programs. In addition, many of the recent health professional 
doctorates actually expanded their requirements and duration from their traditional 
programs. Architecture is the only field that currently offers a three to four year masterʼs
track,  and most  would agree that a 7.5 to 8 year stint  in higher education merits a 
doctorate title. Many architecture graduates have heard the expression, “one hundred 
and twelve graduate credit hours for a masterʼs degree? Is that a misprint?” 

Conclusion.
The field of architecture finally has an opportunity to advance its professional and 
academic standing so it resides on equal ground with other professional degree 
programs. The M.Arch degree, although traditionally accepted as the “terminal”  degree 
in the general study of architecture, is not recognized as such due to the “masterʼs”  title. 
Such a deficiency in semantics has caused disparity  in compensation and displacement 
in academic circles. It has been recognized that the length, duration, and intensity of the 
architecture is indeed deserving of a “doctorate” title. 

The Doctorate of Architecture (D.Arch) is now a NAAB accredited degree with a richer 
title that more accurately portrays the extremely high level of achievement not indicated 
by the mastersʼ  nomenclature. The new degree is structured similar to existing two or 
three–year M.Arch degree programs, where a student completes a 4 year pre-
professional or non-architecture degree and then applies for the 3–4 year professional 
architecture track. It has been recognized that a strong liberal arts foundation prior to 
entering a professional program produces graduates with a more expansive worldview 
that  is often a necessary component  in an increasingly complex and diverse 
architectural arena. 

Architecture programs are currently eligible to change their degree programs and/or 
titles to the D.Arch system. Since there is currently no official mandate from the NAAB, 
AIA,  ACSA, NCARB, or AIAS, the transition is at the discretion of each school offering 
the program. Using Law and Pharmacy as precedents, architecture should realize the 
importance of such a mandate to achieve a uniform, national change. In addition to the 
lack of a mandate, many in the field are reluctant and/or not interested in the upgrade. 
Schools  are apprehensive to phase out five–year B.Arch programs due to their 
abundance and popularity as a fast path into the profession. Practicing architects who 
have been in the field often do not see a pressing need for a new title. However, 
licensed architects make up only about half of all architecture graduates. The field is 
expanding and more graduates are pursuing non-practice based careers. Many 
curriculums are moving away from nuts and bolts practical training toward more 
research and theoretical exploration. The result  is that the M.Arch is being used as both 
a research and practice degree—just without the doctoral distinction. Faculty with 
M.Arch titles are often viewed as thorns among roses in universities that only recognize 
PhDʼs, and are thus confined to the boundaries of architecture programs and prevented 
from engaging in cross-disciplinary teaching and research. 

The D.Arch is our savior. The new degree can bridge the gap  between practice and 
research and between the pragmatic and abstract. Architecture is unique in that it 
hovers over the arts,  sciences, and humanities, but never actually adheres to any of 
them. This is why the D.Arch needs to include multiple options, pathways, and 
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concentrations to meet the specific interests of prospective students. The D.Arch can be 
defined as a single, terminal practice and research degree for the general study of 
architecture, or can be split to offer separate pathways for the two—such as D.Arch/
PhD Arch or D.Arch/S.D. Arch.  The practice component of the D.Arch also has the 
ability  to shorten the duration of  time it takes for a graduate to be eligible to take the 
ARE licensing exam. Programs could even be structured to allow students to sit  for the 
exam directly out of school prior to the “apprentice”  requirement. This would indefinitely 
increase the number of graduates pursuing licensure—a number that continues to 
stagnate around 50%.

Since the D.Arch will eventually trump  the B & M programs,  it  can and should be offered 
retroactively to all graduates holding a professional degree in architecture—this is the 
only way to ensure equal footing for all alumni currently in the trenches of the academic 
and/or practice worlds. Lawʼs transition from the LL.B. to J.D. followed this protocol and 
subsequently  had great success in advancing the field. Three–year M.Arch programs 
would be the easiest transition, given they already meet the credit  hour requirements for 
D.Arch.  However, if necessary, other degree programs could gain retroactive stature by 
receiving credit for continuing education, pro bono work, publication, academic/practical 
experience, or public service, to mention a few. One thing is  for certain, the doctoral 
distinction is  a necessary component  for architecture graduates to be adequately 
compensated and to obtain the proper stature in their desired career path. As Joanna 
Lombard concludes in her paper, “It may be that a single, doctoral designation for 
professional graduate studies in architecture will establish a solid, level and powerful 
ground from which architects can once again spring to perform aerial feats.”10
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Abstract. The discipline of  architecture and the practice of architecture have been 
traditionally viewed as two opposing factions. However, due to the proliferation of 
technology and the increasing degree of complexity of  environmental, social and 
economical issues in the new millennium, the field of architecture has had no choice but 
to evolve as a multi-disciplinary field where a more diverse array of both “practical”  and 
“theoretical”  knowledge is necessary to inform the design process. Although the content 
in architecture programs has indeed expanded into other arenas, such scholastic 
diversification is rarely recognized or applied outside of academia.  Architecture students 
graduate with a plethora of knowledge and skill sets,  but are often type-caste into 
dogmatic roles that are defined by the antiquated definition of architecture as a 
“building-only”  discipline. The definition of architecture needs to be redefined to reflect 
modern pedagogies and architecture programs need to delineate distinct research and 
practice components that are on par in nomenclature, content and stature with other 
academic and professional fields. Although it sounds paradoxical, the challenge for 
architecture in the 21st Century is  to somehow both delineate and integrate the 
discipline and practice of design.

This  article will discuss the issues surrounding architectureʼs dilemma as being both a 
profession and a discipline, provide a history and background of architectural education 
and degree structure,  illustrate how architecture has indeed expanded into other 
disciplines by demonstrating some of the cutting-edge research and projects inherent in 
the new millennium, and discuss several plausible models of education that integrate 
practice and research and produce graduates capable of careers as both practicing 
architects and/or as multi-disciplinary academics. 

Introduction: The Discipline of Architecture and the  Profession of Architecture. 
The definition of what constitutes the field of  architecture and the responsibilities of the 
architect  have been postulated and debated since the construction of the first prehistoric 
huts  and primitive shelters close to 400,000 years ago. Is an architect merely a designer 
of ideas and concepts? Or does an architect divulge in the engineering, science and 
even construction of the artifact? Is the architect a mere practitioner, or does the 
architect  engage in the advancement of ideas? Around the first century B.C., Marcus 
Vitruvius Pollio wrote The Ten Books On Architecture where he answered some of these 
enquiries by summarizing the fundamental principles, content and techniques of 
architecture. The first book focuses on the education of the architect, and opens by 
stating,  “The architect should be equipped with knowledge of many branches of  study 
and varied kinds of learning, for it  is  by his (sic) judgment that all work done by the other 
arts  is put to the test.”(1) The book goes on to describe the areas of expertise that 
architects must study and understand, including music, medicine, drawing, geometry, 
history, philosophy, law and astronomy; and that architecture depends on order, 
arrangement, eurythmy, symmetry, propriety, and economy.(1) The Ten Books of 
Architecture laid the foundation for the pedagogy of  education and practice of 
architecture and established the field as a comprehensive discipline embracing the arts, 
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sciences and humanities. However, social, economical,  cultural,  environmental, 
technical and political changes throughout history  continue to test,  morph, challenge 
and reformulate the datum in the Ten Books  and ultimately the definition of architecture. 
It  is also important to note that Vitrivius, even at that time in history, recognized the 
vastness of the architectʼs education, expertise and knowledge…a poignant  recognition 
that seems to be dissolving in recent times. 

Indeed,  the definition of what is included in architecture has indeed evolved over time, 
and has even expanded by Vitruviusʼs original definitions. Such expansion has spawned 
architectural research in computer technology, educational technology, universal design, 
sustainable design, urban planning/design, structures, environmental behavior and 
design,  mechanical/electrical systems, and architectural history. Although the content 
and research interests in most architecture curriculums have proliferated, academic 
degree structures and titles have not applicably responded to such diversification. 
Professional architecture degree programs have inevitably merged the expanded 
interdisciplinary specializations with the colossal practicum requirements mandated by 
professional accreditation agencies. The blurring of practice and research components 
has yielded much confusion for students that are trained to be grandiose idea 
generators but are granted a degree that, in title, only allows for the practice of 
architecture. On the other side of the fence,  practitioners also grumble how they have to 
break recent graduates from their inflated mindsets of being signature designers and 
theorists  and mold them into pragmatic-thinking task workers capable of following 
orders.  “Architecture programs are caught in the middle between academia,  which 
attempts to foster multidisciplinary activities, and the profession, which fights to retain its 
autonomy in the face of a society which sees the architect as an expendable part of the 
building process.”(2)

The definition of  what  “architecture”  is has also been morphed, expanded and modified 
by the individual schools offering the programs, technological advancements,  and the 
diversification of  fields in which graduates embark upon. “There are separate and 
autonomous schools or colleges of architecture; departments and programs within 
graduate schools; schools of art or design; schools oriented toward engineering, 
technology, or sociology; and schools of urban planning and design.”(3) An article in 
Progressive Architecture stated, “That from about the 1960ʼs on, schools of architecture 
have been shifting inexorably away from the role of educating practicing architects 
toward establishing architecture as an abstract discipline that is studied for its own 
intrinsic interest.”(4) 

Architecture is unique in that  the clinical testing of academic ideas often takes place in 
the practical world. Ironically, such abstractions in the academic world are often 
dependent on critiquing realized work in the outside world. In effect, the practice informs 
the research and the research influences the practice. Although these two entities are 
indeed symbiotic, and, as mentioned above, have been fused together in professional 
degree programs, architecture is still only recognized as a profession and not as a 
research or idea-driven discipline on par with disciplines in the sciences and humanities. 
“Caught  on the cusp between the sciences and the humanities architecture is both 
either and neither, and more often than not, is displaced into the refugee camp of 
academic alterity.”(5) Robert Shibley and Gloria Brennan also address architectureʼs 
identity crisis: “Practice is essential to every profession and academic discipline in the 
university, but is often lost in the research, teaching and service trilogy used to evaluate 
faculty  for tenure, students for advancement, and the university as a whole for its 
responsiveness to social need.”(6)
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The apathetic progress to establish architecture as discipline as well as a profession has 
resulted in confusion in architectureʼs place in the academic arena. Architecture programs 
are consequentially producing research oriented students with degree titles designed for 
practice; or,  putting it another way, producing professionals with training more tailored for 
research. Gordon Brown and Mark Gelernter describe such a phenomenon:

“As the generation of knowledge through research has become a prime 
responsibility of American Universities, the transmission of  practical knowledge 
has acquired a second-class status. This places architecture in a bind, for their 
subject matter traditionally dealt with practical knowledge,  not  abstract  principles 
or empirical research. This has had several effects. First, although many 
practicing architects still participate fully in schools of architecture and indeed 
provide leadership for some of them, an increasing number of full time positions 
are given over to professional academics whose criteria of performance are 
determined mainly by the universities. Second, the full time academics are often 
anxious to make the discipline more academically and theoretically credible and 
less like practical training. Architectural research, as a result, has modeled itself 
after the natural and social sciences and stressed the internal logic and 
elegance of the research more than its  practical application…Schools are 
shifting away from practice but are still the only  legal gateways to the 
profession.”(7) 

Some academics and professionals believe that separating practice and research in 
architecture is not possible, since the two entities are necessary to inform each other. 
Vitruvius explained this relationship in The Ten Books On Architecture: “Architects who 
have aimed at acquiring manual skill without scholarship  have never been able to reach a 
position of authority to correspond to their plans, while those who relied only upon 
theories and scholarship were obviously hunting the shadow, not the substance…In all 
matters, but particularly in architecture, there are these two points: the thing signified, and 
that which gives it its significance”(1)

Darlene Brady also summarizes the relationship between the general and specialized 
education of architects: “The challenge as well as the dilemma of architecture is that it is 
both general and specialized in nature. Therefore, the issue becomes one of how these 
seemingly contradictory endeavors can be integrated, not  reconciled, in an architectʼs 
education, since both aspects are essential for architecture to be vital.”(8) 

The perturbation within the field architecture needs to be rectified—especially given the 
fact that only about half of all graduating students in accredited architecture programs 
actually go into practice—the other half seek alternative careers in fields such as graphic 
design, drafting/modeling/rendering, teaching, facilities management,  construction 
management,  sustainable design,  gaming, and/or gis/mapping, to mention a few. As J.D. 
Deshpande, of  the University of Pune, India points out: “The scope and quality of the 
architectʼs professional services in the 21st Century has considerable changed. The 
architecture profession today has become more multidisciplinary, collaborative and 
knowledge intensive. Architectural education is a subtle amalgam of the streams of 
technology and science as well as art and humanities.”(9) The questions are thus posed: 
how do the new areas of specialization redefine both the profession and the discipline of 
architecture? How can architecture programs integrate practice and research and 
produce graduates capable of careers in both the field and in academia? How can the 
“discipline”  of architecture and the “practice”  of architecture be better delineated but  still 
remain symbiotic?
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A Brief History of Architectural Education. Architectural Education was eventually 
formalized in 17th Century France with the establishment of the Academie Royal 
dʼArchitecture and successive Ecole des Beaux Arts. Although these schools were 
based on an experiential learning model, critiques cited the over-emphasis of art, design 
and theory and lack of practical/technical training in academia—a debate that is still 
ongoing in architectural curricula today. Many of the early artisans and “master 
craftsman”  believed that design and architecture simply could not  be taught. Despite the 
aspersion, architecture programs continued to emerge throughout much of the world. In 
the United States, formal architectural education was first offered in 1865 at the 
Massachusetts  Institute of Technology; this was followed by the University of Illinois at 
Urbana in 1867, Cornell in 1871, and Columbia in 1881. Robert Ware,  who established 
the MIT program, and Charles Babcock, who established the Cornell program, both 
believed that, “University training objectified the distinctions that early professionals had 
unsuccessfully drawn between architects and builders.”(10) 

In 1905, Henry Van de Velde established the Grand-Ducal School of Arts & Crafts in 
Weimar. “The curriculum insisted that student  designs be reached only  through a 
rigorous analysis of a projectʼs problems rather than the application of a preconceived 
design formula.”(11) In 1919, Walter Gropius established the Bauhaus,  which merged 
the Grand-Ducal School of Arts & Crafts and the Weimar Acadamy of Fine Art. The 
Bauhaus continued to challenge the arts and crafts notions inherent at the Ecole des 
Beaux Arts by insisting that design should be driven by use, program, industrial 
methods of production and manufacturing rather than cultural content, form or meaning. 
The Vkhutemas in Russia also brought the art versus science debate front and center 
by offering two schools of thought in its pedagogy—one similar to the Beaux Arts, and 
one similar to the Bauhaus. 

Curriculum & Degree Structure. The original curriculums were structured across a 
four-year time frame. However, as architecture expanded to include topics such as 
construction and building technology, structural analysis, and mechanical/electrical 
systems, the need to extend the four-year program became increasingly necessary.  
Cornell University was the first  to adopt a five-year professional program in 1922. In the 
1960ʼs,  other schools such as the University of California, Berkeley developed four plus 
two programs where students would study four years of environmental design in 
undergraduate followed by two years of concentrated studies in architecture at the 
graduate level.(3) It was also during this time that some programs began to be 
structured for students with diverse undergraduate backgrounds as a way to expand 
and build upon the interdisciplinary nature of the field. “The reason for the focus on 
liberal studies was partly to make architectural education more like the education of 
lawyers and physicians, who start their professional education only after completing a 
bachelorʼs degree in liberal studies or science. But another reason, surely, was to 
enable architects to be better informed and therefore better able to talk intelligently 
about matters outside the realm of  architecture, especially in their encounters with 
clients.”(12)
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Currently, there are several professional degree programs designed for entry into 
practice.  Such degrees are usually governed by a regional accreditation body, such as 
the National Architecture Accrediting Board (NAAB) in the United States, the Royal 
Institute of British Architects (RIBA) in the United Kingdom, and the Architects 
Accreditation Council of Australia (AACA), to mention a few. The first-professional 
degrees include the B.Arch, M.Arch and D.Arch. In the United States, the B.Arch is a 5-
year program, and the M.Arch is 1.5-years, 2-years or 3 or more years depending on 
the undergraduate training and background of the student. In recent times, a 5-year 
M.Arch at several schools has replaced the 5-year B.Arch, and in 2004, the University 
of Hawaii, Manoa was the first to adopt  a D.Arch that is structured in a similar fashion to 
the 3.5-year M.Arch. As a result of  the Bologna Process, the UK and many Europe 
schools now use a 3-2-3-year structure for architecture degrees, B.Arch, M.Arch and 
PhD respectively. There are also various non-professional BS/BA/BPS, MA/MS, and 
Arch.D/PhD programs that  may or may not be coordinated with the accredited 
professional degree tracks.

Design as Research. Integrating research into a practice-based discipline such as 
architecture has been accomplished by the expansion of specializations, the 
proliferation of technology, and utilizing the design studio as a “laboratory”  to discover 
new methodologies and test concepts that are currently in use or may be implemented 
in future development. “Combining research, practice and teaching is almost always 
good teaching, can be good research, and often facilitates the development of 
community and organizational capacity.”(6) In contrast to other disciplines that often 
investigate specific, detailed areas of focus with repetitive methodologies, architectural 
research must be able to adapt,  switch gears,  and cross lines many times through an 
academic tenure. In most schools of architecture,  students are given at least one - if not 
several - design projects per semester. The design studio has often been compared to 
theatre or cinema, where the students are like actors that must play different roles 
depending on the nature of  the project. Faculty have also been creative with these 
roles.  Some architecture professors maintain independent practices outside of the 
academy and often bring the “real”  projects into the classroom. Students can be allowed 
to push the envelop outside the constraints that the projects are succumbed to in 
practice.  Although many of the student projects might  never be realized outside the 
classroom, such an exercise often inspires the further advancement of  ideas and often 
opens doors for additional projects and funding opportunities.  Professors essentially 
have a real-time portfolio of projects that they can recycle for grant applications, 
professional project bids, publication and presentations. The examples presented below 
demonstrate innovative approaches and/or unique applications of integrating research 
and design.
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Research & Development in Design
The Design Research Lab, Architectural Association, London

In 1997, The Design Research Lab  (DRL) at the Architectural Association in London, 
England was founded with the mission to “reinvent post-professional design education 
by capitalizing on new design networks and todayʼs interconnected design systems, 
which are rapidly transforming all forms of architectural design and research into 
increasingly multidisciplinary, highly distributed fields of innovation and 
experimentation.”(11) The DRL is a 16-month program that leads to the Master of 
Architecture (M.Arch). Rather than engaging in several design projects and studios 
inherent in most architecture curricula, students at the DRL partake in one, 
comprehensive design project that incorporates research, knowledge and skill acquired 
throughout  the course of study. A  design agenda is established each year and is used to 
inform the studio, workshop and seminar courses. Such coordination ensures students 
are applying what they learn in the technical and theoretical courses to their design 
work. “The DRL treats design projects as a form of shared research, and emphasizes a 
rigorous,  analytical and thoroughly documented investigation into all design results and 
parameters shaping a project.”(11) Brett Steele, co-founder of the DRL states,  “Schools 
must move away from an emphasis on personal creativity (idiosyncratic, proprietary 
forms of architectural knowledge) and towards more rigorous forms of  collective 
understanding and experimentation.”(11)

Similar to many industries and sciences, the DRL uses a research-development model 
to uncover new technologies, material applications, techniques, and ideas. In what the 
DRL calls the Open Source Studio, self-organized teams of students, faculty and 
consultants work collaboratively on projects and share information across networks. 
Work and research results are carried from one year to another, further promoting the 
non-proprietary, collaborative approach to design-research.   

Academia & Practice
Design Research Unit, Welsh School of Architecture

The initial Oxford Conference on Architecture in 1958 catalyzed the discipline/profession 
debate by recognizing that architecture must simultaneously incorporate theoretical 
investigation and coherent bodies of research with professional techniques and 
standards to be sustained as an academic discipline. Shortly after the conference, 
several schools in the UK, including Birmingham, Bristol, Cambridge and Welsh, 
experimented with live project offices within the academies. It was initially thought that 
integrating the profession directly in academia would fulfill this amalgamation of practice 
and research. However, as architecture continued to expand and transform in the 
1990ʼs,  the project offices struggled to produce a significant body of  work that advanced 
ideas and theoretical investigation in the field. 
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In 2002, the Design Research Unit (DRU) was established at the Welsh School of 
Architecture, essentially superceding the Project Office. The DRU still recognizes the 
importance of practice and research as promoted in the original 1958 Oxford 
Conference,  but rather than placing the profession within the academy, it establishes a 
new relationship between the design studio and practice. “The work of the DRU is 
founded on the premise that rather than borrowing from other subjects, architecture is a 
discipline in its own right and that  design is a core activity. This positions the studio in 
terms of research and its activities alongside the library and the laboratory…If critical 
practice is to be effective,  it must be founded on a coherently held theoretical position, 
but then the theory must be questioned, interrogated, and ultimately tested through 
design and critically reviewed and reported on.”(13)

This  new paradigm that the studio is the research component in design programs yields 
a new link between practice and theory. “Theory is the body of principles which explains 
and interrelates all the facts of  a discipline. Critical practice is the tool by which the 
theory is advanced. Without theory AND critical practice teaching can have no direction, 
thought  or cutting edge.”(14) “This turns the idea of research and theory in schools of 
architecture on its head and suggests a new role of the architect in the academy.”(14)

Urban Design & Planning
The Urban Design Project, University at Buffalo, The State University of New York

Although planning and urban design are sometimes offered as separate degree 
programs within a college or division, some schools have integrated the curricula with 
architecture programs and/or have implemented joint degree programs for students 
interested in both arenas. Architecture programs have realized the importance of 
assimilating planning and urban design to achieve development  that is sustainable on 
larger scales. In 1990, Professor Robert Shibley founded the Urban Design Project in 
the School of Architecture and Planning at the University at Buffalo, The State University 
of New York. Shibley coordinates community-based urban design projects into joint 
design studios consisting of  architecture and planning students. “The Urban Design 
Project  seeks to serve the communities of the Niagara-Buffalo city-region by bringing 
faculty  and urban design students together with local governments, community based 
organizations and citizens in general, to engage the work of making better places and 
stronger communities.  The work of  the Urban Design Project has encompassed faculty 
consultations,  student studio projects, and supervised thesis investigations dealing with 
sites from Niagara Falls to Buffalo to Jamestown and engaging institutional partners 
including Buffalo Place Inc., The City of Buffalo,  the Waterfront Regeneration Trust, The 
City of Niagara Falls, and Chautauqua County government.”(15)

The Urban Design Project forages a symbiotic relationship between research and 
practice that is unique to the field of design. Experimental design work conducted in the 
studio is put to the litmus test when it is presented to the community; community 
reaction and feedback are then brought back to the studio to inform the design process. 
The student work provides Shibley with a plethora of design options that range from 
ardent visions used to inspire long-term desires to pragmatic solutions that can be 
applied to short-term design challenges. The studio environment also teaches 
architecture students planning theory and to think on larger scales, and teaches 
planning students some of the design and technical components of architecture.

54! Multi | v 3 n 1 Spring 2011    ISSN 1942-3527



Virtual Architecture
Learning Structures Through Advanced Media. Shahin Vassigh 

Throughout  history, architects have been innovators in the employment of various 
communication techniques to effectively demonstrate their concepts. Such techniques 
traditionally ranged from simple pencil sketching and drafting to more advanced forms 
of painting, bas relief, figure-ground representation, photography, model making, 
casting,  welding, and construction. With the rapid advance in computer technology in 
the late 20th Century, architects have divulged in a plethora of new multi-media skill sets 
and computer aided design components, including 3-dimensional modeling and 
animation, virtual reality, building information modeling, remote sensing, lithography, 
geographical information systems, and digital photo and video manipulation. This has 
inevitably led architects to become experts in graphic design, gaming and video design, 
industrial design,  instructional design and development, surveillance, and cinema 
production, to name a few. Companies that utilize various forms of media often hire 
architects not only for their diverse technical knowledge, but also in their ability to 
develop a concept into reality and lead a project from start to finish.    

In the late 1990ʼs, Professor Shahin Vassigh received a seed grant from the Educational 
Technology Grant Program at the University at Buffalo, The State University of New 
York. Professor Vassigh recognized the difficulties many architecture students, who are 
often more visual in nature, were having learning some of advanced, technical concepts 
in the structures courses. Vassighʼs theory was that the analytical and mathematical 
analysis would be more intuitive if students could visualize the concepts inherent in 
structural behavior. Up  to that point, traditional structures textbooks had only 
elementary, static diagrams that were intended to describe the reactions of moving 
forces on structural objects, and were filled with pages of ambiguous numbers and text 
that  yielded much frustration for students.  In 2000, Vassigh formed a small team and 
developed several interactive models of structures, structural concepts, and structural 
behavior. These early prototypes secured a larger grant from the United States 
Department  of Education under the Fund for Improvement  in Post-Secondary Education 
(FIPSE). The FIPSE grant, entitled Learning Structures Through advanced Media: A 
Comprehensive Approach to Teaching Structures Using Multimedia, enabled 
Professor Vassigh to expand her team and develop an instructional DVD - Interactive 
Structures: Visualizing Structural Behavior - and a structures learning website 
(http:www.learningstructures.org).

“The Interactive Structures  DVD is a multi-media software program that utilizes digital 
and graphic technology and audio narration to communicate the principles and 
application of structural analysis and building technology. The DVD divides the study of 
structures into three subject modules: Basic  Concepts,  Structural Systems, and 
Architects.  Each module is composed of text,  fully graphical illustrations and animations 
that  explain general concepts, definitions, working principles and methods of structural 
analysis.”  16 The Structures Learning Website provides demonstrations from the DVD, 
resources and instructional support relevant to structural analysis and design, and the 
results from the student evaluation protocol.
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The work completed by Professor Vassigh quickly  attracted attention from other schools 
and departments interested in mult-media/virtual learning environments. In 2002, 
Vassigh and several colleagues formed the Center for Virtual Architecture Center (CVA) 
with the mission of “developing projects that  explore the impact of digital media on 
architectural theory, production, representation and pedagogy.”(17) Since this time, the 
CVA has been able to secure further research in multi-media instructional tools, 
including the 2006 grant Building Literacy: The Integration of  Building Technology and 
Design in Architectural Education, and an interdisciplinary grant with the School of 
Dental Medicine that focused on the modeling of  the anatomy of  the human head to 
gain a visual perspective on the TMJ (Temporomandibular joint).

The CVA has recently been renamed, The Center for Architecture and Situated 
Technology.  “The new centerʼs research focuses on the possibilities offered by 
computational systems for rethinking human interaction with (and within) the built 
environment.  The CAST focus areas include learning environments, design 
environments, responsive architecture, and locative media.”(18)

The fusion of  architecture and multi-media prompted the Department of Architecture and 
the Department of Media Study at the University at  Buffalo, The State University of New 
York, to create a dual degree program leading to a master of architecture and a master 
of fine arts. The following excerpt is a description of the program from the School of 
Architecture:

“The dual degree addresses a rapidly expanding desire on the part  of students 
and a critical need on the part  of the architecture profession for expertise in 
both architecture and digital media.”  Digital media has transformed the 
traditional means of project production and delivery and most importantly has 
opened entirely new territories in the field of architecture. This dual degree will 
concentrate on new domains that confront architects, including the design and 
construction of interactive environments and objects, virtual worlds, media-
based pedagogic tools, computer models and analyses, and computer-
controlled manufacturing processes. It is our mission to educate the next 
generation of  designers capable of engaging architecture, digital technologies, 
and media arts and leading the profession into the future.”(19)

Other schools have also responded to the multi-media frenzy in architecture.Mark 
Wigley, the Dean of the Graduate School of Architecture, Planning and Preservation at 
Columbia University describes how the efflorescence of technology has impacted the 
culture at Columbia. 

“The use of the computer is no longer an event. It is  all around us rather than 
ahead of us. Digital Technology has become part of what the architect 
continuously  breathes. What matters now is what the architect is thinking 
rather than what the architect is thinking with, and the computer is no longer 
associated with a particular form of design. At Columbia, the computer is now 
being integrated into the wider spectrum of visual studies and the design 
studios themselves…Computer aided design is  increasingly merged into an 
expanded field of visualization techniques for modeling, mapping, and imaging 
that  ranges from satellite surveillance, GIS, data mining and body scanners, to 
the pencil.”(20)

56! Multi | v 3 n 1 Spring 2011    ISSN 1942-3527



Architecture students are coming out of schools with a sophisticated knowledge of 
computers and are pursuing careers in filmmaking, animation, graphic design, and 
computer technology. Many of the “virtual” environments evident in modern cinema and 
video games are indeed the by-products  of architecture graduates. Architects are 
unique in that they have both the technical knowledge and artistic skills to complete the 
work and the ability to storyboard a project from a concept to a finished product.

Sustainable Design 
Regreening the Earth in the 21st Century, Author

Not  all architects decide to design buildings—some actually focus more on the 
environment and landscape. Regreening the Earth in the 21st Century emphasizes that 
a paradigm shift needs to occur between the relationship  of architecture and the natural 
environment.  In the past, the built environment and nature have frequently been treated 
as separate entities—a structure, roadway, or parking surface is merely placed on the 
landscape. A different approach would be to first examine the land and surrounding 
environment and formulate a design solution that minimizes destruction to habitat and 
open space and aesthetically fuses the structure with the surroundings. It  is quite 
plausible that a building be designed that actually creates greenspace; likewise,  a 
roadway can be a park, an alley a wildlife corridor, a parking surface a garden. It is 
really a matter of shifting our preconceptions of how we define space, structure and 
nature—the three can indeed be one in the same.

The book also poses the concept that sometimes the best design solution is to build 
nothing at all, which is a tough pill to swallow for architects, developers, or recent 
graduates foaming at the mouth to become signature designers. With population 
increasing, roadways expanding, and development sprawling we must seriously 
examine how land is developed and formulate ways to simultaneously accommodate 
human needs and conserve open space. The book examines regreening strategies for 
roadways,  parking surfaces, corridors,  structures and brownfields.  Concepts such as 
greenways,  land bridges, underground parking/roadways,  alternative transportation, 
green roofs and green walls,  brownfield mitigation/reclamation, urban growth 
boundaries and compact nodes of  development are illustrated and often integrated to 
form a cohesive network of green infrastructure that fosters sustainability on 
environmental,  social,  economical and psychological levels. Overall, Regreening the 
Earth in the 21st Century demonstrates new responsibilities and design strategies for 
architects facing the imminent challenges of the 21st Century. Architecture can no longer 
be solely about the design of buildings—it has to incorporate landscape design, 
environmental remediation, urban design and planning in order to produce projects that 
are sustainable.

The work in Regreening the Earth in the 21st Century parallels some of the current 
research in ecological design. Sim Van der Ryn and Stuart Cowan define ecological 
design as “any form of design that minimizes destructive impacts by integrating itself 
with living processes…It helps connect scattered efforts in green architecture, 
sustainable agriculture,  and ecological engineering.”(21) Such interdisciplinary mingling 
has brought together teams of designers and scientists  and has spawned an array of 
“eco-design”  research centers, such as the Gund Institute for Ecological Economics at 
the University of Vermont and the Ecological Design Center at the University of Oregon, 
to mention a few. 
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Energy and Design
Micro-hydroelectric Power for Vermont, Author

Global atmospheric changes and depletion of natural resources will force professionals 
from every field to be innovative in exploring new technologies to sustain the planet. 
Although once reserved for engineers, designing and implementing renewable forms of 
energy are now part of the repertoire in architecture, urban design, planning, and 
landscape architecture. In addition to integrating systems that utilize passive and active 
solar, wind, geothermal, recycled water, and heat recovery wheels into building design, 
architects are also designing power systems on urban and even regional scales. 

An exemplary example of energy and design is a concept proposed for micro-hydro 
electric systems at ski resorts throughout the State of Vermont. In Vermont,  there has 
been much debate on harnessing wind power in the last decade. Since the Green 
Mountains bisect the state in a north to south direction, the most ideal and efficient sites 
for wind turbines are inevitably along the ridgelines. This presents a double edged 
sword for environmentalists—on one hand, harnessing wind energy enables the 
possibility  of decreasing greenhouse gas emissions and reducing dependency on fossil 
fuels; on the other hand,  the construction and placement of the turbines often impairs 
aesthetics and can cause fragmentation and destruction to natural habitats. Solar power 
is also often neglected in northern climates due to the lack of adequate solar energy 
and the high initial investment. 

Vermont does, however, have an abundance of  one potential renewable energy 
resource that has been highly under-utilized: mountain streams. Small-scale and micro-
hydro projects can be constructed with minimal impact to habitat, stream morphology, or 
water quality—especially at ski resorts that already have the required infrastructure in 
place.  Streams can be drained into existing snowmaking pipes and then channeled into 
an impulse turbine. The turbine can be co-located with existing pumps and generators 
used for the snowmaking. Performance data from a micro-hydroelectric power plant 
constructed at Snowmass Ski Area in Colorado in 2004 and projections from a micro-
hydro project planned for Whistler-Blackcomb in British Columbia show vast promise. 

Vermont,  with 20 ski resorts,  has various opportunities to test this technology. 
Preliminary flow rate data collected at three mountain streams at Stowe Mountain 
Resort shows potential. In the past,  such a project might have been reserved for 
engineers,  but, as emphasized throughout this paper, the “new”  architecture is  much 
more than drawing pretty pictures.

In addition to this unique application of energy and design, it is also important to 
mention the flux of research in the areas of renewable energy and green building 
design.  More sophisticated rating systems, such as LEED (Leadership in Energy and 
Environmental Design), government funding, and advancements in Building Information 
Management (BIM) software have created myriad opportunities for research,  design 
and development of new building systems, energy analysis, materials, and construction 
techniques that minimize impact to the environment.    
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Environmental Behavior and Design
The Nike Jesus Project, Dr. Gary Scott Danford

Designing, analyzing and programming space in response human behavior has 
effectively merged the fields of design and psychology. The physical environment can 
impact the psyche and can be manipulated to foster a certain type of activity or can be 
programmed based on human interactions with each other and their surroundings. This 
raises the age-old question:  does space control our behavior? Or does our behavior 
dictate the space? Can space really nurture human behavior or are humans predestined 
to be a certain way based on genetics and nature? Behavior-space interaction has been 
studied on various scales and has become its own specialization. One of the most 
inimitable projects exploring space-behavior interactions is Dr. Gary Scott Danfordʼs 
Nike Jesus Project.  Dr. Danford is an Associate Professor in the School of Architecture 
and Planning at the University  at Buffalo, The State University of  New York. “Danford 
completed his doctoral studies in psychology at the University of Houston, and has 
focused his research on transactional theories of  person-behavior-environment 
interactions, on issues of design and disablement, and on facilities programming, 
management and evaluation techniques.”(22)

Dr. Danford integrates his research into the classroom by acting out  a real-time design 
scenario (or play) that the students are contracted to solve or “act out”. The scenario 
changes from semester to semester,  but it  usually starts with Danford entering the 
classroom and changing from his brown leather bomber jacket into a white lab  coat, 
whereby he becomes the character, Dr. Scott Saxton. He then morbidly presents the 
scenario (the following excerpt is paraphrased from Danfordʼs syllabus from Spring 
1994):

“This past August, a large meteor struck a sparsely populated area along the 
former Sino-Soviet border. The impact produced a crater over a quarter mile in 
length.  Radiation from the meteor began to kill teams of scientists that were in 
the immediate vicinity of  the crash; within 24 hours, all human life ceased 
within a 10-mile radius; after 28 days, the contamination was still being spread 
outside the 10-mile quarantined radius. After more detailed investigation, 
epidemiologists  estimated that at the current rate of spread, all human life 
would cease to exist within a 20-25 year window…Preliminary research 
reveals  that there are three barriers that the contamination cannot penetrate: 
two feet of  solid salt, ten feet of liquid or solid water, or five-hundred feet of 
vacuum…The goal of the project is to produce a completely self-contained, 
self-supporting community and to address the notification, selection, 
segregation, and demographic and professional make-up of the twelve 
thousand inhabitants; a viable environmental system capable of sustaining 
human life for 25-30 years; a stable system for social organization that will 
ensure safety, security and psychological/physiological development and well-
being; an implementation plan for evacuating the 12,000 to the habitat, and for 
repopulating the earth when the atmosphere is free of contamination.”(23)

Danford (or Saxton?) then goes on to explain that the NSA contacted several specialists 
around the country  to address this issue over the next three months.  As to not  cause a 
mass hysteria, the projects were to be hidden in plain sight and conducted as open-
classroom exercises. So, as a student in the classroom, you start to wonder what is real 
and what is fictional. To be quite honest, I  could not tell you what is  (or was) the truth; 
what  I  could tell you is that students take on this project as if  they were facing the end of 
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the world and that some of the solutions are absolutely mind-boggling. This project 
demonstrates,  on an extreme level, the complexity  of problems, scenarios, and 
challenges designers must face. The project  forces the designer to tap a plethora of 
technical,  social, historical, scientific,  artistic, planning, programming and psychological 
knowledge and skill sets. 

In addition to the Nike Jesus Project, Danford also conducts research at the IDEA 
Center (Center for Inclusive Design and Environmental Access) at  the University  at 
Buffalo. The IDEA center focuses on the design and development of  spaces and 
products that can be used by diverse user groups with varying abilities.  The center was 
founded by Professor Edward Steinfeld in 1984, and is “dedicated to making 
environments and products more usable, safer and healthier in response to the needs 
of an increasingly diverse population. The IDEA Centerʼs activities are based on the 
philosophy of Inclusive Design, often called “Universal Design”  or “Design for All.”  It is a 
way of thinking that  can be applied in any design activity, business practice, program or 
service involving interaction of people with the physical, social or virtual worlds.”(24)    

Building Systems. As mentioned above, advances in technology, building information 
and structural analysis software has enabled new avenues for research in building 
systems. Structures can be designed, visualized, animated and tested in the virtual 
world to minimize disaster and increase efficiency in the real world. “Rensselaer 
Polytechnic Instituteʼs Lighting Research Center contains 14,000 square feet of 
laboratory space for photometry, image processing, energy-efficiency measurement, 
and human factors research, and their Jaffe Acoustics Laboratory contains a hemi-
anechoic chamber and a large range of  testing and recording equipment that is 
appropriate to both field and laboratory work in architectural acoustics.”(25)Some 
architecture programs are also engaging in research with engineering programs in the 
areas of structural design, earthquake/disaster engineering, mechanical and electrical 
system design, and in the planning/design for catastrophic events. 
 
Redefining Architecture  in the  21st Century. As evident from the precedents above, 
architecture has indeed proliferated into other fields and has been inundated with 
scholarly research components.  Professional M.Arch programs,  originally  designed for 
entry  into practice, have become supersaturated with both technical and theoretical 
content.  The diversification of the field has led to a dispersion of career choices by 
graduates. Graduates that do embark on a field in architecture often become frustrated 
at the prospect of becoming “CAD monkeyʼs” and not getting opportunities to utilize their 
acquired skill sets. Many graduates also complain that the salaries are not 
commensurate with their quantity and duration of training and find it impossible to pay 
back 6-8 years of student loans. Graduates pursuing academic careers often face 
discrimination for a lack of a “doctorate”  in their title—especially when attempting to 
teach or conduct research across other disciplines. Although the Master of Architecture 
(M.Arch) has been traditionally defined as a terminal professional degree in studio 
architecture and is supposedly  on par with other terminal professional degrees such as 
the MD in medicine, the JD (Juris Doctorate) in Law, the PharmD in Pharmacy, or the 
DPT in Physical Therapy, it is  not recognized as such due to semantics—it is a terminal 
degree without a terminal title. To redefine architecture to reflect  modern pedagogies, 
academic degree structures must be revamped by offering more types of degrees, 
restructuring time frames, and integrating a combination of professional and research 
doctorates into design education. 
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Degree  Variety. Some schools have the luxury of offering architecture degree program 
under the umbrella of a larger college, thus enabling more diverse and levels of 
degrees.  For example, Harvard Universityʼs Graduate School of Design encompasses 
architecture, landscape architecture,  and urban planning/design and offers professional 
degrees designed for practice (M.Arch, MLA, and MUP/MAUD/MLAUD) as well as 
research/theory based graduate degrees in design (M.DesS/D.DesS). Harvard also 
offers a PhD that is co-administered by the Graduate School of Arts & Sciences. Arizona 
State Universityʼs School of Architecture and Landscape Architecture is  part of the 
Herberger Institute for Design & Arts. Such an academic structure enables ASU to offer 
a plethora of interdisciplinary,  professional and research based degree combinations at 
both the undergraduate and graduate levels. Students can choose a degree or create a 
custom degree path that is tailored to their interests. Although these models offer a 
solution to the research/practice dilemma in architectural education, most schools do 
not have the funding, vision or endowment to create such an array of options and are 
forced to lump as much disparate content as they can into one of their professional 
degree tracks. The result is an oversaturated course of study that is overwhelming and 
often unmanageable, and an unclear delineation between practice and research. 

Although architectural doctoral programs are becoming more common, there is still little 
connection and/or coordination with the professional degree tracks. Even though many 
architecture students have been trained in a multi-disciplinary fashion,  PhD programs 
often will not transfer the credits or recognize the work from a “professional”  program. 
Students who have weathered 6-8 years of education are forced to start from square 
one and complete a whole new set of  residency, academic and research requirements. 
This  results in an unrealistic time frame in the classroom and further fragmentation and 
confusion as to what defines the profession and what defines the discipline of 
architecture. “As far as education is concerned, each professional qualification is 
regarded as sacrosanct by the professional institution concerned and this is locked in 
place by the corresponding departmental structure of the universities, which inhibits any 
attempts to cross boundaries.”(26)
 
The Professional Doctorate. In 1990, John Meunier, then ACSA president, appointed 
a Doctor of  Architecture Task Force, charged with ensuring a well informed debate 
about the potential of  a Doctorate in Architecture as the professional degree. The Task 
force led to the “Declaration of the Five Presidents of  ACSA, AIA, AIAS, NAAB and 
NCARB”,  signed in June of  1991, which stated that architecture would be best served, if 
by January 1, 2001, there should be only one designation for the professional degree in 
architecture offered by all schools in North America.(26) The degree title was not 
specified in the declaration, but it was agreed that a single professional degree would 
mitigate public confusion and misunderstanding about  the proliferation of pre-
professional,  professional, and post-professional degree titles, mitigate public and 
institutional misunderstanding of the quality and range of education necessary to fulfill 
degree requirements for a professional degree in architecture, and address the growing 
demand for reciprocation of professional qualifications.(27)
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Unfortunately, 2001 came and went and there is still not a single, uniform degree 
structure in the field of  architecture. In 1999, the University of  Hawaii,  Manoa underwent 
a groundbreaking change when they replaced their B.Arch and their two and three year 
M.Arch programs with a single, six to seven year Doctorate (ArchD). The program was 
officially  accredited by the NAAB in 2004 (retroactive to 2001), and the name was 
changed to D.Arch in 2008. The NAAB requires either an undergraduate baccalaureate 
degree or a minimum of 120 undergraduate semester credit hours, or the 
undergraduate-level quarter-hour equivalent, and a minimum of 90 graduate-level 
semester credit hours, or the graduate-level quarter-hour equivalent, in academic 
coursework in professional studies and electives.(28)

The University of Hawaiiʼs program is currently structured as a 6 to 7-1/2 program 
depending on the undergraduate background and requires 215 credits (minimum of 90 
at the graduate level), a year-long thesis, and an internship requirement. The new 
program aims to provide more integration of academic and professional content,  allows 
students to take the licensing exam with better prospects of passing it,  and gives 
students more opportunities to interact with other disciplines on campus.(29) The 
D.Arch is considered a first-professional degree on par with the MD, DDS, PharmD or 
JD and is meant to give architects a richer degree and title that demonstrates the 
extremely high level of achievement not  indicated by the Mastership. W.H. Raymond 
Yeh, Dean of  the School of Architecture at the University of Hawaii, Manoa, stated, “The 
ArchD incorporates supervised internships at  architectural offices in Honolulu and 
throughout  the Asia Pacific area and expands international student exchange programs 
with top ranked universities in the Asia-Pacific region, and that the new degree offers 
greater professional opportunities with actual learning experiences in these locales.”(29) 

The professional doctorate may or may not improve the relationship  and/or delineation 
between research and practice in architecture. The NAAB defines the D.Arch as a 
professional degree designed for entry into the practice of architecture. However, with 
roughly half of architecture graduates pursuing non-practice based careers, the 
expansion of the field of  architecture into other disciplines, and the increase of research 
by architecture faculty, the D.Arch may indeed have to offer both research and practice 
options. As previously stated, the field of Medicine contains both a practice doctorate 
(M.D., D.O.) and a research doctorate (PhD); the degrees can be earned separately or 
simultaneously. Similarly, some law programs offer a J.D. for those who wish to practice 
law and a S.J.D. for those more interested in research/teaching. Architecture, with the 
lowest percentage of graduates entering practice as compared to the other professional 
degrees,  ironically has limited “professional bail out”  options. Students that labor 
through 6-8 years for an practice based degree and decide to not practice architecture 
are essentially strapped for options—and as emphasized earlier in this paper, 
advancement  in the teaching/research arena can be challenging with a degree that is 
not recognized as “scholarly”. On the other hand, since architecture is its  own unique in 
that  research and practice are symbiotic with each other, it is quite possible that a single 
D.Arch could be structured to be the sole, terminal practice and research degree. 

62! Multi | v 3 n 1 Spring 2011    ISSN 1942-3527



The diagrams below show the existing degree structure in architecture and two possible 
options for implementing the D.Arch into existing programs:

Existing Degree Structure

4-year “Pre-Architecture” Undergraduate + 2-year M.Arch
4-year Non-Architecture Undergraduate + 3.5-year M.Arch
5-year B.Arch (This has been replaced by the 5-year M.Arch at many institutions)
5-year M.Arch
4-year Undergraduate + 2-3.5 year D.Arch depending on UDG degree (See University 
of Hawaii, Manoa)

Modified Degree Structure, Option 1—Phase out all accredited programs and replace 
with one, single D.Arch:
4-year “Pre-Architecture” Undergraduate + 3-year D.Arch
4-year Non-Architecture Undergraduate + 4-year D.Arch
6-year D.Arch

Modified Degree Structure, Option 2—Maintain Masters as Intermediary Degree
4-year “Pre-Architecture”  Undergraduate + 2-year M.Arch +1-year D.Arch (or Phd in 
specific area)
4-year Non-Architecture Undergraduate + 2-year MA or MS + 2-year D.Arch (or PhD in 
specific area)
5-year M.Arch + 1-year D.Arch

Both of these options give the appropriate titles  for the duration, intensity and quantity of 
work completed. Option 2 would provide the possibilities of entering practice with the 
M.Arch,  staying to obtain a D.Arch (which would shorten the IDP duration and/or 
provide a richer degree/title for teaching/research),  or entering another PhD program in 
a specific area of investigation.

There are also several options for alumni that currently hold M.Arch degrees:

Option 1—Grant D.Arch retroactively to all M.Arch holders; Law did this with the LL.B. to 
JD transition in the early-mid 20th Century.  

Option 2—Grant D.Arch to any M.Arch holder meeting or exceeding the NAAB credit 
requirement; offer Option 3 to M.Arch holders falling short of the NAAB D.Arch 
requirements.

Option 3—Existing M.Arch holders can reapply for the D.Arch at their alma maters by 
submitting a portfolio of work completed since graduation. The portfolio could consist of 
several types of  work, including design projects, design-build, papers, books, research, 
courses taught, and/or public/community service. Candidates would apply, submit their 
portfolio for review, and pay tuition for 1-year. Candidates could then either be granted 
the D.Arch, or might have to add to their portfolio as determined by a review committee. 
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Conclusion. The field of  architecture continues to transpose and expand beyond the 
mere drafting boards and the design of buildings into a much broader, interdisciplinary 
context. Indeed, the Architecture of the 21st Century is  a field that is  pushing the 
technological envelope in computer graphics and media studies by developing virtual 
environments, animations, video,  and high end graphical and educational 
communication techniques; it is  a field that is researching universal design solutions to 
make spaces and environments accessible and usable to individuals with diverse 
abilities; it is a field that is exploring sustainable and ecologically sensitive design 
solutions for buildings, structures, cities, landscapes and entire regions that will impact 
our global energy consumption and the future of our planet; it is a field that is planning 
and designing strategies in response to the eminent dangers of terrorism and natural 
disasters; it  is a field that examines environment-behavior interactions and responds to 
the needs of diverse socio-economic groups;  it is a field that preserves heritage, history 
and culture by restoring and/or reinterpreting the story of a place; it is a field that seeks 
to improve our physical, psychological, economical and sociological environments, and 
a field that will ultimately face the challenge of sustaining life on earth. 
 
Such proliferation of  the field of architecture needs to be recognized in both practice and 
academia. Restructuring academic programs to include both research and practice 
components and providing more types of degrees with appropriate titles for the duration 
and inherent subject matter is a major step to placing the profession of architecture on 
par with other professions such as medicine and law and the and the discipline of 
architecture on par with the humanities and the sciences. The Doctor of Architecture 
can replace or be added to existing programs and can be structured as a practice 
degree offered in conjunction with other research doctorates in specific concentrations 
or offered as the sole research/practice degree in the general study of architecture. One 
thing is for sure—with rapid advancements in technology and an increasing complexity 
of environmental, social and economical challenges in the new millennium, the 
progression and proliferation of architecture into other disciplines is not going to slow 
down any time soon. As academics, practitioners, researchers and designers, it is our 
responsibility  to sustain the existence and bolster the significance of our field. New 
academic pedagogies and degree structures will ensure that architectural research 
prospers, design advances, expertise is acknowledged, and that the relationship 
between conceptual experimentation and practical realization is fortified. Only then will 
architecture cease be known as a “building-only”  discipline, but a multi-faceted design 
profession capable of scholarly  research, design and development in a vast  array of 
environmental, economical, ecological, scientific, historical and social subject matter. 
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REGREENING THE BUILT 
ENVIRONMENT

Regreening the Built Environment examines the relationship between the built 
environment and nature and demonstrates how rethinking the role and design of 
infrastructure can environmentally, economically, and socially sustain the earth.

In the past, infrastructure and green or park spaces have been regarded as two 
opposing factors and placed in conflict with one another through irresponsible  
patterns of development. This book attempts to change this paradigm and create a 
new notion that greenspace, parks, and infrastructure can indeed be one and the 
same. The case studies will demonstrate how existing “gray” infrastructure can be 
retrofitted with green infrastructure and low impact development techniques.  
It is quite plausible that a building can be designed that actually creates greenspace 
or generates energy; likewise, a roadway can be a park, an alley can be a wildlife 
corridor, and a parking surface can be a garden. In addition to examining sustain-
ability in the near future, the book also explores such alternatives in the distant  
and very distant future, questioning the notion of sustainability in the event of an 
earth-altering, cataclysmic disaster.

The strategies presented in this book aim to stimulate discussions within the 
design profession and will be of great interest to students and practitioners of 
environmental studies, architecture, and urban design.

Michael A. Richards completed a Bachelor of Science in Environmental Studies/
Social Sciences and a Master of Architecture at the University at Buffalo, the State 
University of New York, U.S. Since this time, Michael has devoted much of his 
research to increasing environmental awareness in architectural education and 
practice and to finding a balance between the natural and built environments. Michael 
has worked in teaching, research, and administrative capacities at several colleges  
and universities, including the University of Vermont, the University at Buffalo, 
Buffalo State College, Erie Community College, Vermont Technical College, and 
the Community College of Vermont.
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“Michael Richards succinctly and comprehensively identifies the challenges and 
opportunities we face in developing a coordinated approach to a restorative built 
environment. As he ranges from systems and infrastructure to the specifics of 
individual design elements, Richards provides an informed and accessible resource 
for understanding and solving problems, and a concise guide for professionals and 
students alike, an important contribution to the field.” 

— Joanna Lombard, University of Miami School of Architecture, U.S.

“Regreening the Built Environment is a 21st century primer for designers, planners, 
architects and environmental scientists to better understand the human impact that 
building has on our natural environment. The common sense approach and societal 
responsibility advocated by Mr Richards recalls the early work of Jane Jacobs. It’s a 
must read for all students and practitioners who engage the built environment.” 

— Alex Bitterman, Professor and Chair, Department of Architecture and  
Design, Alfred State, SUNY College of Technology, U.S.
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PREFACE

I grew up in a suburb north of Rochester, New York, between 1974 and 1992. 
During this time, the city of Rochester was experiencing the effects evident in most 
northeast Rust Belt cities following the exodus of the Second World War – a failing 
urban center, decaying infrastructure, and uncontrolled sprawled development. 
Citizens were flocking to the countryside in pursuit of clean air, ample natural space, 
and safe communities. For most of the 1970s and early 1980s, my neighborhood 
delivered these desired qualities. My street was surrounded by a ten-mile radius of 
dense forest that thrived with various species of medium to old growth trees, vegeta-
tion, ponds and streams, wetlands, and a diverse range of animals and birds. The roads 
connecting our street to the rest of the community were generally one- or two-lane 
cruisers that meandered with the natural topography of the land.

As a youth, I spent countless hours exploring the woods surrounding our 
property. Each year, I ventured further into the unknown to discover new areas. 
The topography, natural landmarks, and different species and ages of trees and 
vegetation delineated unique and often surreal zones reminiscent of mystical worlds 
in ancient literature or modern cinema. One particular area of the forest that was 
frequently sought after was a large, 100-foot-deep ravine that allegedly contained 
several cascading waterfalls and a raging creek along the valley that emptied into a 
large pond. (Perhaps the fountain of youth?) There were only a few brave souls in 
our youth demographic who ever claimed to have found this treasure. Venturing 
to the ravine proved to be a difficult task – for one, no one was really sure where 
it was located. Those that came close described obstacles ranging from large patches 
of poison ivy/oak, thickets of thorn bushes, and steep cliffs to far-fetched rumors of 
quick sand, human-eating plants, and packs of wild animals protecting the entrance. 
Every time we were close, the implausible would happen – someone would get 
hurt, we would get chased by an animal, or scared away by creepy sounds in the 
distance. This ravine became my white whale.
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viii Preface

One particular year, my friend and I mustered up some courage and gathered 
some gear, which consisted of hand-carved walking sticks, a raft constructed from 
empty milk cartons, a bow and arrow made from twine and a broken branch, and 
a Star Wars light-saber, and concocted a plan that entailed following a creek to its 
terminus (or beginning?). After several days in child’s time (which really was only 
a few hours in adult time), we reached a strange break in our journey . . . there  
was a large trench about 100 yards wide and several miles long bisecting the edge 
of the forest. There were several large construction vehicles, bulldozers, and 
backhoes. The noise was deafening – it was like someone declared war on our 
kingdom. We were chased away from the construction site and eventually picked 
up along a road by my much-worried mother.

We learned that the town had decided to expand an existing highway north to 
the lake. Unfortunately, the new highway was placed directly through the heart  
of the ravine . . . the ravine I never found. In the next several years, we saw  
more of the same . . . roads and freeways were built, widened and paved through 
what was once deemed “forever wild” by the town, houses were constructed faster 
than they could be sold, and large retailers and strip malls pillaged the countryside.

Today, the once peaceful street in the middle of the forest is just a faint memory 
in the minds of its original residents. Some say this is progress, or necessary 
development to meet the needs of a growing township; others think it is more 
convenient to not have to travel as far to “go to the mall”; some say this is the very 
nature of capitalism and there is no way of preventing it without negative economic 
impact.

Throughout the course of my academic and professional career, I have pledged 
to simultaneously create new visions and preserve the natural state of the planet. My 
first course of study concluded in 1996 with a Bachelor of Science in Environmental 
Studies. I was able to apply the perspectives I gained in this program when I entered 
the field of architecture in graduate school. My academic thesis – “Sustainable 
Networks” – was the first major output of this amalgamation. The project designed 
greenways and green infrastructure throughout the Buffalo–Niagara Region  
that aimed to catalyze environmental, economic, and socially sustainable patterns of 
development.

Regreening the Built Environment will continue this effort by providing sustainable 
design strategies that reclaim greenspace and mitigate the perilous impacts of urban 
sprawl. It is my hope that we can all reclaim our lost ravines.
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1
INTRODUCTION

A new paradigm for the built 
environment

KEY POINTS

➣ Human actions have altered the global climate and are stressing the earth’s 
natural resources.

➣ The built and natural environments are in conflict; this has been exacerbated 
by irresponsible patterns of development.

➣ Urban sprawl is characterized by the expansion of human populations from 
urban areas into low-density rural areas. Urban sprawl increased drastically 
as a result of the automobile and after highway expansion in the mid-
twentieth century.

➣ Without land development controls in place, our natural landscape is in 
jeopardy of becoming extinct.

➣ A paradigm shift needs to occur between the built and natural environments. 
This includes rethinking what we build, how we build it, and if it is even 
necessary in the first place.

➣ In order to heal our planet in the twenty-first century, we need to build 
less, conserve more, and regreen our existing “gray” infrastructure.

As we enter the twenty-first century, our planet continues to be challenged by 
global climate change, declining natural resources, and dependency on non-
renewable sources of energy. According to the National Oceanic and Atmospheric 
Administration (NOAA), carbon dioxide concentrations in our atmosphere  
reached 400 parts per million (ppm) (50 ppm above the upper safety limit) in  
April 2014, and we have already begun to witness adverse effects.1 Temperatures  
are rising, sea levels are increasing, polar ice is melting, and extreme weather events 
and natural disasters are becoming more commonplace around the world each year. 
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2 Introduction

Scientists overwhelmingly agree that humans are responsible for this impact and the 
built environment is a major culprit.

Starting around the time of the Industrial Revolution, people began moving away 
from their agrarian roots and symbiosis with the land toward a more machine-centric 
worldview that emphasized technology over nature. Throughout the nineteenth  
and early twentieth centuries, cities burgeoned, buildings eclipsed the skyline, and 
infrastructure intertwined the landscape and forever changed the scale and pace of 
society and human interaction with nature. Eventually, the same cities that once 
provided safe havens from the “natural” elements became overridden with conges-
tion, crime, and pollution that ultimately forged an exodus of people away from  
the city toward the country in search of open space, clean air, and tranquility. The 
proliferation of the personal automobile and abundance of new, affordable housing 
in the suburbs expedited this exodus and centrifugal dispersal pattern, and with the 
car and subsequent gas tax came more roads, freeways, boulevards, parking surfaces, 
and development that further pillaged the landscape. Shortly after World War II, 
auto-centric design and highway expansion became the norm in urban design in the 
United States and was eventually escalated by the Federal Highway Act of 1956 that 
procured funding for the construction of 41,000 miles of interstate highways. 
Eventually, the once-walkable, pedestrian-scaled cities became fragmented by vast 
seas of concrete and quiet countrysides became flanked by noisy, car-lined speedways 
. . . all in the name of progress. For a short time, this strategy actually seemed to be 
both socially accepted and positive for the economy. Industry was still ample in the 
city centers, road construction created jobs, and the housing market boomed in  
the suburbs. However, as is evident in recent times, this “American Dream” pattern 
of development did not prove to be sustainable in the long-run. Suburbs, which 
once offered a reprieve from urban life, are now plagued with the same congestion 
issues that the cities faced in the nineteenth and twentieth centuries . . . just with a 
different, more auto-centric look. Farmland, wetlands, and forests have been paved 
over and clear cut in favor of four-lane boulevards, freeways, strip malls, box retail, 
and large parking surfaces. We have created an auto-dependent society that con-
sumes exorbitant amounts of non-renewable sources of energy and that is out of  
scale with human sensibility and the natural environment. To think that walking to 
a destination has become an endangered activity is disheartening, to say the least.

Urban sprawl and over-development do not discriminate . . . they can occur  
in old, new, liberal, conservative, small, medium, and large cities. For example, in 
older European cities such as London and Paris, the city fabric has engulfed so  
much of the peripheral land that it is difficult to distinguish “city” from “suburb.” 
In America, some of the denser metropolitan areas are on the same path to becoming 
one large megalopolis. In cities such as New York, Boston, and Philadelphia, one 
has to travel further and further to escape the exponentially expanding urban-
growth ring. Eventually, Vermont, New Hampshire, and Maine will become the 
“suburbs” of New York and Boston . . . in many ways, this is already true. Frederick 
Steiner describes such a landscape after driving from Austin, Texas to Dayton, Ohio 
in his book, Design for a Vulnerable Planet:
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The landscapes across this mid-American transect offer variety and possibility. 
The built environment is beyond dull; it is ugly and predictable. The interstate 
interchanges in Texas, Arkansas, Tennessee, Kentucky, and Ohio, or alter- 
natively through Georgia, Alabama, Mississippi, and Louisiana, wound nature 
and culture. These assaults on our senses blend together with the same hotels, 
gas stations, fast food chains, and mega-churches. The edge-city malls combine 
the same shops. The skylines of Dallas, Little Rock, Memphis, Nashville, 
Louisville, and Cincinnati may be taller or shorter, but all look pretty similar.2

The deleterious effects of sprawl are certainly more apparent in areas that have been 
impacted by loss of industry and economic blight. This is especially evident in  
what is known as the “inland north” region of the United States that surrounds the 
Great Lakes roughly from Michigan to central New York. Because of its proximity 
to the lakes and canals, this region became the heart of manufacturing in the  
late nineteenth and early twentieth centuries. However, the U.S. steel market even-
tually declined and forced many of the factories to scale-down, move to locations 
where labor/taxes were cheaper, or close altogether. To make matters worse,  
interstate trucking started to take over the shipping industry from the canal, river, 
and rail routes, thus harming commercial activity in the city centers. Cities became 
plagued with declining populations, urban decay, and crime. In the mid-1980s, this 
region grimly came to be known as the “Rust Belt.” Many of these cities, such as 
Detroit, Cleveland, Cincinnati, Buffalo, and Pittsburgh, to name a few, experienced 
a perfect storm of economic decline and regional/urban sprawl that continues to 
have devastating physical and financial impacts that in many cases may be difficult 
to reverse.

The good news is that there seems to be a paradigm shift in the twenty-first 
century. Citizens are overwhelmingly accepting notions of global climate change 
and natural resource depletion and are increasingly exploring lifestyle changes that 
can, in some desperate attempt, reverse the damage we have inflicted upon our 
planet. We are beginning to re-examine patterns of development and are starting 
to devise strategies to revitalize our urban centers, conserve existing greenspace, and 
“regreen” existing gray infrastructure. Politically and economically, more nations 
are investing in notions of sustainable development to conserve natural resources, 
preserve open space, manage stormwater runoff, minimize pollution, and decrease 
fossil fuel consumption. These new standards have introduced new demands by 
society that question the types of projects that are needed in the built environment. 
In the first Democratic presidential primary debate in 2016, Anderson Cooper asked 
the candidates what they thought was the greatest national security threat to the 
United States. Senator Bernie Sanders of Vermont answered emphatically, “Climate 
change.” He went on to say, “The scientific community is telling us, if we do not 
address climate change, transform our energy system away from fossil fuel, the 
planet we’ll be leaving our kids and our grandchildren may well not be habitable.”3

Since the twentieth century was about leaving our mark on the landscape, the 
twenty-first century needs to be about reducing our mark on the landscape.  
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4 Introduction

Indeed, a paradigm shift needs to occur between the relationship of the natural and 
built environment. In the past, the two have frequently been treated as separate 
entities – infrastructure is merely placed on the landscape with no awareness given 
to the ecological or natural processes inherent in the site. A different approach 
would be to first examine the land and surrounding environment and formulate a 
design solution that minimizes destruction to habitat and open space and aesthetically  
fuses the structure with the surroundings. As Ian McHarg states in his book Design 
with Nature:

If one accepts the simple proposition that nature is the arena of life and that 
a modicum of knowledge of her processes is indispensable for survival rather 
more for existence, health, and delight, it is amazing how many apparently 
difficult problems present ready resolution.4

Indeed, a comprehensive land analysis might indicate that new infrastructure is  
not needed at all, but rather an improvement of existing infrastructure at both the 
building and site level and/or design strategies that restore/protect the natural  
landscape, conserve resources, and create renewable energy. It is quite plausible that 
a building may be designed that actually creates greenspace or generates energy; 
likewise, a roadway can be a park, an alley, a wildlife corridor, a parking surface, or 
a garden. Green infrastructure can be networked and coupled with alternative modes 
of transportation to reduce vehicle congestion, highways, and impermeable surfaces. 
Comprehensive master planning can control future growth patterns by establishing 
growth boundaries that foster compact development, land conservation, stormwater 
management, alternative transportation, and pedestrian-friendly communities. 
Existing infrastructure can be adaptively reused as an alternative to building on un- 
developed land, and innovative structures that interface with natural processes can 
further conserve resources at the earth’s surface.

This book will focus on such green-infrastructure reclamation and regeneration 
strategies on roadways, sidewalks, parking surfaces, buildings/rooftops, corridors, 
and brownfields. In the past, infrastructure and green or park spaces have been 
regarded as two opposing factors. This book will attempt to change this paradigm 
and create a new notion that greenspace, parks, and infrastructure can indeed be  
one and the same. The case studies will demonstrate how existing “gray” infrastruc-
ture can be retrofitted with green infrastructure and low-impact development  
techniques. It should be noted that some of the designs presented are meant to 
establish conceptual context only and are not meant to be actual proposals for the 
given sites. This is why some of the images may look surreal or fanciful in nature. 
It should also be noted that many of the common themes inherent to regreening 
practices are repeated throughout the book. The reason for this is twofold.  
First, there is much overlap between the projects in the different chapters. Often,  
a regreening strategy might combine a roadway, a parking surface, a corridor, a 
structure, and a brownfield. Second, I am also trying to emphasize the severity of 
irresponsible patterns of development and the fragility of our planet in the present 
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Introduction 5

and immediate future. I also do not hyphenate the word, “regreening.” This is 
meant to grant a better sense of visual and intellectual distinction to the word as a 
unitary and holistic design practice. Finally, it should be noted that although there 
are several projects presented from around the world, many of the images used  
to describe the concepts are from areas where I have resided for most of my life, 
particularly western New York and Vermont. However, this does not mean that 
the principles and strategies discussed cannot be applied to other regions. Remember, 
as your introductory environmental science teacher probably told you, “Think 
globally and act locally.”

The ideas presented in this book are not intended to condemn the built environ-
ment nor are they meant to insinuate the complete abandonment of new infrastruc-
ture or building development. The theories do, however, favor a more sustainable 
worldview that we are indeed partners with nature rather than “conquerors” of 
nature, and that architects, engineers, planners, and landscape architects, in particular, 
need to rethink their vocation and the methodologies behind their projects. It is 
hoped that the strategies presented in this book will spark a new dialogue in the 
design profession to further facilitate the restoration of ecosystems and natural habitat, 
unite fragmented communities, link social activity and cultural heritage both within 
and between communities, cities, and entire regions, and promote sustainability on 
environmental, social, and economic levels.

Open land is such a fragile resource – in many cases, once it is developed, restoring 
it to its original state is impossible. John Ormsbee Simonds and Barry Starke eloquently 
describe the prominence and delicacy of the earth’s natural resources in their book 
Landscape Architecture:

Land and the waters that lap its edges, flow across its surface, seep into its 
upper soil strata, and move within its deep aquifers are our ultimate resources. 
Mismanaged, they may be lost to us forever, and our national wealth and 
well-being proportionately diminished.5
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2
WHY REGREEN THE BUILT 
ENVIRONMENT?

KEY POINTS

➣ Regreening strategies integrate green infrastructure into the built 
environment.

➣ Green infrastructure includes conservation corridors, wildlife/nature 
preserves, riparian buffers along waterways, parks, forests, rain gardens, 
green roofs/walls, bio-swales, infiltration trenches, and constructed 
wetlands.

➣ Regreening “gray” infrastructure (roads, parking surfaces, buildings) 
contributes to the three Es of sustainability – ecology, economy, and equity.

➣ As of 2014, the carbon dioxide concentrations in the atmosphere have 
exceeded 400 parts per million, which is 50 parts per million above the 
upper safety limit. The high carbon dioxide concentrations are raising 
temperature, which in turn is melting polar ice, increasing extreme weather 
events, and raising sea levels.

➣	 Sea levels are expected to rise 1–3 feet in the next 100 years. This, along 
with increased storm surges, will drastically impact coastal communities.

➣	 Open land is being consumed and/or decimated at alarming rates. 
Impermeable surfaces disrupt the hydrologic cycle by decreasing water 
infiltration and disrupting groundwater recharge. Since water cannot be 
absorbed, it is running off the hard surfaces “unfiltered” by vegetation. 
This results in flooding, disruption of groundwater recharge, and the 
increase of pollutants and sediment entering the water bodies.

➣	 The burning of non-renewable energy sources (coal, oil, natural gas)  
is responsible for the high carbon dioxide levels. These are considered non-
renewable because we are using them faster than they can regenerate.
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8 Why regreen the built environment?

➣	 Irresponsible patterns of development have led to degradation of the 
landscape and fragmentation of communities.

➣	 The scale, pace, and patterns of development in the built environment are 
out of sync with human senses and nature.

➣	 Humans have been detaching themselves from nature since the Industrial 
Revolution; this pattern is currently being perpetuated by the Digital 
Revolution. This has led to physical and psychological health problems.

➣	 Green infrastructure can boost the economy by creating new jobs and 
increasing land value.

➣	 Sustainability is defined as development that meets the needs of the 
present without compromising the ability of future generations to meet 
their own needs. Sustainability is a “relative” term based on our own 
lifespans, the lifespan of our planet/sun, and the lifespan of the universe. 
Although the near and distant future can be daunting, we must do the best 
we can with our current knowledge to make this planet a better place for 
future generations.

For the purposes of this book, the term “regreening” is used to describe design and 
development strategies that restore natural ecosystem functions through the use  
of green infrastructure and ultimately reduce “gray” infrastructure (roads, parking 
surfaces, buildings) and the overall human footprint on the earth. “Green infrastruc-
ture” itself is a broad term that can encompass large-scale spaces such as conservation 
corridors, wildlife/nature preserves, riparian buffers, parks, and forests along with 
smaller-scale, low-impact design strategies such as rain gardens, green roofs, living 
walls, bio-swales, infiltration trenches, and constructed wetlands, to name a few.  
An interconnected network of green infrastructure has the potential to provide 
solutions and remedies for the physical, social, and economic environments that  
can foster sustainability at local, regional, and global scales. Green infrastructure 
contributes to the three Es of sustainability, which include the physical or ecological 
environment (environmental protection and natural resource conservation),  
the economic environment (economic prosperity and continuity), and the social 
environment (with the “e” being equity, as in social equity and well-being).

The physical/ecological environment

As mentioned in Chapter 1 of this book, our planet is currently facing some of the 
most difficult environmental challenges in human history, and thanks to the modern 
media of the Information Age, notions of global climate change and natural resource 
depletion have finally become mainstream. Although there will always be skeptics, 
political debate, and subjective spins on this topic, the visual evidence is difficult  
to dispute. As pointed out by Time Inc. in a special report on global warming, “If 
droughts and wildfires, floods and crop failures, collapsing climate sensitive species, 
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and images of drowning polar bears didn’t quiet most of the global-warming 
doubters, then the hurricane destruction of New Orleans did.”1 Indeed, the 
destruction wrought by Hurricane Katrina in 2005, Hurricane Irene in 2011, and 
Hurricane Sandy in 2012 provides a glimpse of what will become more commonplace 
in the near future. Whether society fully accepts the notion of anthropocentric-
induced climate change or simply believes climate change is a natural cosmic cycle 
is really a moot argument . . . the fact remains that this is happening.

Carbon dioxide and global climate change

Land degradation, deforestation, and the burning of fossil fuels have caused a surge 
of carbon dioxide in the atmosphere that is changing the global climate of our planet. 
We are currently producing about 32 billion tons of carbon dioxide (CO2) per year 
and have contributed to a 33 percent increase in greenhouse gas emissions since the 
Industrial Revolution.2 As stated in Chapter 1, CO2 concentrations have reached 
400 parts per million in the atmosphere.3 China and the United States are currently 
the two biggest culprits, accounting for 23 percent and 19 percent of total global CO2 
emissions, respectively.2 The single largest source of emissions comes from the 
burning of coal, natural gas, and oil for electricity and heat. According to the 2007 
report by the U.N.’s Intergovernmental Panel on Climate Change, the earth warmed 
by 1.44 degrees Fahrenheit in the twentieth century and the temperature will 
continue to rise anywhere between 1.98 and 11.52 degrees Fahrenheit if current 
trends continue.4 The ten warmest years on record have occurred since 1998 and the 
globally averaged temperature over land and ocean surfaces for 2014 was the highest 
among all years since record keeping began in 1880.5 Recent research at Princeton 
University predicts that even if we completely stopped carbon dioxide emissions 
today, the levels of carbon dioxide already in the earth’s atmosphere could continue 
to warm the planet for hundreds of years.6 And the really scary thing is that is doesn’t 
look like it is slowing down anytime soon. At a recent APEC meeting in Beijing, 
China, President Obama stated that the U.S. intends to reduce carbon emissions 
26–28 percent by 2025; President Xi Jinping stated that China’s CO2 emissions are 
still on the rise and will peak in 2030, but that China intends to increase its share  
of non-fossil fuels in energy consumption to around 20 percent in 2030.7 Although 
the U.S. plan is definitely a lofty goal, it may be 50 years too late, and China’s plan 
doesn’t even come close to scratching the surface in the near term. In August of 
2015, President Obama proposed the Clean Power Plan that will require states to meet 
specific carbon emission reduction standards defined by the Environmental Protection 
Agency based on their individual energy consumption. Although some skeptics are 
already criticizing the bill with claims of increased electrical costs, the Environmental 
Protection Agency estimates the plan will cut U.S. carbon pollution from the power 
sector by 870 million tons, or 32 percent below 2005 levels, in 2030.8 In addition to 
carbon reduction, a study conducted by the Georgia Institute of Technology found 
that reducing greenhouse gas emissions from power plants can decrease electricity 
bills, increase the Gross Domestic Product, and significantly reduce sulfur dioxide, 
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10 Why regreen the built environment?

nitrogen oxides, and mercury emissions.9 Synapse Energy Economics also found that 
investing in a “clean energy future” could reduce electrical bills by $35 per month 
for the average household compared to current trends.9 As stated by Marilyn Brown, 
Professor of Sustainable Systems in the School of Public Policy at the Georgia 
Institute of Technology:

As energy is used more efficiently, non-competitive power plants can be 
retired, construction of new coal plants can be deferred, and transmission and 
distribution infrastructure investments can be delayed, all of which would 
lower rates and therefore lower the energy bills of all consumers.9

The warming of the planet is causing the polar land and sea ice in the Arctic Ocean 
and Greenland to melt and subsequently causing sea levels to rise. Although a recent 
study by NASA showed an increase of ice in eastern Antarctica and the interior of 
western Antarctica, the gains are modest in relation to the massive ice loss in the 
Arctic Ocean. As a whole, the planet has been shedding sea ice at an average annual 
rate of 13,500 square miles (35,000 square kilometers) since 1979, the equivalent of 
losing an area of sea ice larger than the state of Maryland every year.10 According to 
Curt Stager in his book Deep Future, we have added so much carbon that we have 
pushed the next ice age from naturally happening 50,000 years from now to 130,000 
years from now.11 Until this natural cooling cycle happens, our planet will continue 
to warm, polar ice will continue to melt, and sea levels will continue to rise. The 
warmer sea temperatures will provide more thermal energy for tropical depressions 
that will ultimately produce stronger and more frequent hurricanes, high winds, 
torrential rain, storm surges, and large ocean waves. Scientists are also starting to 
find correlations with melting ice in the polar regions and the onset of earthquakes 
and volcanoes:

The reason is that one cubic meter of ice weighs just over a ton, and glaciers 
can be hundreds of meters thick. When they melt and the water runs off, it 
is literally a weight off Earth’s crust. The crust and mantle therefore bounce 
back, immediately as well as over thousands of years. That “isostatic rebound,” 
according to studies of prehistoric and recent earthquakes and volcanoes, can 
make the planet’s seismic plates slip catastrophically, and cause magma 
chambers that feed volcanoes to act like bottles of shaken seltzer.12

There is much debate on how fast and how high sea levels will rise in the future. 
Much of this uncertainty is due to different carbon emission scenarios, different 
melting scenarios, and how the ice sheets in Greenland and west and east Antarctica 
will respond. For example, glaciologist Tad Pfeffner from the Institute of Arctic and 
Alpine Research estimates that sea levels could rise roughly 2.5 feet in the next 
century, continue in this pattern for about 9,000 years, and come to rest as much as 
230 feet (70 meters) above today’s level; the International Panel on Climate Change 
estimates a 1–2 feet rise in 100 years; and NASA’s James Hansen estimates a rise in 
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16 feet over the next century.13 Some scientists, such as those from the University 
of Kansas, have also attempted to quantify sea level rise in relation to land loss:

The first 3 feet of sea level rise will cover nearly 400,000 square miles of 
coastal land and could displace more than 100 million people . . . Northwest 
Europe will lose about 13,000 square miles and uproot 12 million citizens, 
and southeastern United States could lose 24,000 square miles and displace 
more than 2.6 million people.14

Although there is still much to learn, one thing is certain – water is rising and 
coastlines and regions lying at or below sea level will be drastically altered in the 
distant future.

Natural resource depletion

According to the Natural Resources Conservation Service, about 43 million acres 
of U.S. land were newly developed between 1982 and 2010, bringing the total to 
about 113 million acres; that represents a 58 percent increase.15 Thus, more than  

FIGURE 2.1 Approximate map of Florida given a rise of 10 feet above global average 
sea levels

Source: Map drawn by author from data and maps created by Climate Central’s Surging Seas.14
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12 Why regreen the built environment?

37 percent of developed land in the 48 coterminous states, Hawaii, Puerto Rico, 
and the U.S. Virgin Islands was developed in just 28 years. As Roxanne Warren 
points out in her book The Urban Oasis:

As woods and grasslands are sliced up into housing developments, malls, 
industrial parks, and highways, the whole complex fabric of the natural world 
has been gradually unravelling, leaving only isolated islands of nature preserves, 
and rendering untold numbers of plant and animal species vulnerable to 
extinction.16

Soils, forests, and wetlands are being degraded by urban sprawl, clear cutting, 
overgrazing, and agricultural mismanagement. As the surface of the earth becomes 
increasingly impermeable, the hydrological cycle is interrupted by the increase of 
water runoff and a decrease in infiltration and groundwater recharge. As a result, 
streams and water bodies become polluted and are subject to extreme flooding 
during wet cycles and severe drought during dry cycles. As groundwater is leached, 
land actually settles or “sinks” – an occurrence known as land subsidence. According 
to Earth Pledge, asphalt and concrete rooftops, roads, and parking lots cover up to 
70 percent of the land area in dense cities like New York, while open space in 
sprawling cities such as Phoenix, Arizona is lost to development at a rate of 1.2 acres 
per hour.17

Since the Industrial Revolution, fossil fuels have been exploited to provide 
energy to the world. According to the International Energy Agency, over 80 percent 
of the world’s energy is produced from oil, coal, and natural gas.18 As of 2015, oil 
demand had exceeded 94 million barrels a day and coal demand was projected  
to reach 9 billion tons per year by 2019.19,20 The U.S. Energy Information 
Administration projects that world energy consumption will grow by 56 percent 
between 2010 and 2040; by 2040, oil consumption will have reached 115 million 
barrels per day, natural gas 185 trillion cubic feet per year, and coal 210 quadrillion 
Btu per year.21 So the paramount question is: how long will these reserves last?  
It depends on who you ask, of course. There are also factors such as “estimated” 
reserves versus “proved” reserves. Proved oil reserves refer to the amount of oil that 
can be recovered economically with existing technology. According to the U.S. 
Energy Information Administration (EIA), as of 2014, there were approximately 
1,655.561 billion barrels of proved oil reserves left on earth, thus the global supply 
of crude oil, other liquid hydrocarbons, and biofuels is expected to be adequate  
to meet the world’s demand for liquid fuels for at least the next 25 years.22,23 Not 
surprisingly, the U.S. is the world’s largest consumer of oil, using roughly 18.961 
million barrels a day, while China takes the lead in coal consumption.24,25 Although 
there is much debate on when M. King Hubbert’s theory of peak oil (the point  
in time when the maximum amount of petroleum is extracted) will occur, both 
pessimistic and more optimistic views indicate it will happen sometime this century.

Natural gas is the second-most abundant and “cleanest” of the non-renewables. 
The EIA estimates there are 2,266 trillion cubic feet of natural gas in the U.S. and 
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6,973 trillion cubic feet of proved dry natural gas worldwide.23 At current U.S. 
consumption rates of 26 Tcf/year, the country’s domestic supply of natural gas  
will last about 87 years.23 Coal is the most abundant of the non-renewables –  
with estimates ranging from 180 to 253 more years of recoverable reserves – but it 
produces the most carbon dioxide emissions of the three non-renewables.26

Even if the earth had an infinite supply of fossil fuels, history has proven that their 
perils have outnumbered their benefits and that new, clean, renewable sources of 
energy would still have to be tapped. Mining accidents, air pollution, carbon 
dioxide, wars, trade embargoes, and oil spills have led to unnecessary deaths and 
degradation of peace and well-being on our planet. One thing experts are sure of is 
that the supply of fossil fuels will drastically decline in this century and that a radical 
shift in our fuel and energy economy must be achieved. If we don’t act now, we 
will certainly be forced to act in the near future.

Decline of ecosystems; loss of biodiversity

As humans continue to infringe on the natural environment, the habitats of animal 
and plant species are becoming physically altered. The 2005 Millennium Ecosystem 
Assessment determined that the health of the world’s ecosystems was in significant 
decline:

Approximately 40 percent of the world’s coral reefs have been lost or 
degraded, water withdrawals from rivers and lakes have doubled since 1960, 
the atmospheric concentration of carbon dioxide has jumped 19 percent  
since 1960, and the global species extinction rate has increased as much as 
1000 times over the typical rate seen across earth’s history. The MA concluded 
that human activity is putting such a strain on the natural functions of the 
earth that the ability of the planet’s ecosystems to sustain future generations 
can no longer be taken for granted.27

The World Wide Fund for Nature, the United Nations Environment Programme, 
and the Global Footprint Network have also shown that humans have been living 
beyond their means since 1987. Specifically:

At least 500 species native to the United States have become extinct since the 
early days of colonization. Worldwide, at least 484 animal species and 654 
plant species have become extinct since 1600, and 5,400 species of animals 
and 26,000 plant species are currently threatened.28

After reading the plethora of grim statistics above, which themselves could fill an 
entire book, one may begin to question if there is anything that can be done at all 
to save our planet. Why should professions – particularly designers, architects, 
environmental scientists, engineers, or land use planners – even care enough to 
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FIGURE 2.2 Top: 2015 U.S. primary energy use by source; Middle: 2015 U.S. renewable 
energy use by source; Bottom: 2015 U.S. primary energy use by sector

Source: U.S. Energy Information Administration.
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change their methodologies to better adapt to climate change? As Dr. Curt Stager 
eloquently states:

The reason is simple. Although humans will survive as a species, we are faced 
today with the responsibility of determining the climatic future that our 
descendants will live in. It may well be a struggle to hold our carbon pollution 
to a minimum, but failing to take the heroic path and control our collective 
behavior is likely to drag us and our descendants into a realm of extreme 
warming, sea level rise, and ocean acidification the likes of which haven’t 
been seen on Earth for millions of years.29

Think about your children, nieces and nephews . . . and their children, nieces, and 
nephews. Will there be any clean air, water, and soil left? Will they be able to swim 
in a lake, walk through a forest, or ski down a mountain? As Brianna Cayo Cotter 
of the Energy Action Coalition recently stated, “Climate change is our generation’s 
civil rights movement.”30 It is up to us to change our lifestyles, modify our vocations, 
and foster new thought and technology to mend our planet.

The social environment

In addition to our planet’s physical health, environmental degradation also affects 
the quality of life, behavior, and emotional health of humans and the communities 
in which they live. Over-consumption of the earth’s natural resources and 
irresponsible patterns of development have fragmented communities, altered  
cultural heritages, and disrupted human-centric activities. So many of our “places” 
are becoming utilitarian spaces where the design is dictated by non-human and 
non-environmental factors. As Robert L. Thayer states in his book Gray World, 
Green Heart: Technology, Nature, and the Sustainable Landscape: “Evidence from the 
landscape would suggest that America is preoccupied by the utilitarian means for 
living at the expense of both the reasons and the context.”31 Indeed, the balance 
between technology, humans and nature seems to be counterweighted toward  
the end of technology. If such patterns of development continue, what will our 
landscape look like 100 years from now?

Population growth

Although the annual growth rate of world population has started to slow in recent 
times, the fact remains that absolute numbers are still increasing – the world 
population reached 7.394 billion in 2015 and will reach 8 billion by 2024.32 
According to the Worldwatch Institute, the world population more than tripled  
in the last century.33 Such statistics and subsequent demand on resources raise 
concerns over the carrying capacity of the earth. It is quite possible sometime this 
century that the population rate will exceed food supply, energy sources, and land 
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area for habitation, agriculture, and waste disposal. According to Professor Charles 
H.V. Ebert:

Humans’ relationship with the ecosphere proceeds along a J-curve; that is to 
say that at first humankind was an integral part of the living world, existing 
in harmony with the total system, and did not exert any excessive influence. 
But over time, humans assumed a different role and attained the position of 
changing the environment consciously, not instinctively.34

Population dynamics are also much different in the developed world as compared 
to the developing world. Currently, over 95 percent of population growth is in 
developing countries. Demographically speaking, the developing countries are 
much younger than developed countries, with roughly half of the population  
under the age of 15 as compared to roughly 20 percent under 15 in developed 
countries.35 This is mostly due to lower birth rates and longer lifespans as a result of 
better healthcare in developed countries. Agricultural land is becoming sparse in the 
developing world which has resulted in irresponsible land management practices 
such as deforestation, over-cultivation, and the conversion of wetlands.

In contrast to developed countries which have generally witnessed an exodus 
from cities since the mid-twentieth century, developing countries are seeing  
large migrations of people into urban areas in search of better opportunities. 
Although these are opposite patterns, both are causing blight to urban centers. 
Urban areas in developing countries often lack the infrastructure to accommodate 
such masses and are plagued with poor living conditions that often lack municipal 
water and sewage systems. Meanwhile, as previously mentioned, developed 
countries are plagued with sprawled patterns of development which both consume 
open space and resources in the country and leave city centers abandoned and 
decayed. The conditions in both developed and developing countries present 
difficult challenges to the built environment and the conservation of land and 
natural resources.

Public health

In addition to the damage to the physical environment mentioned above, increased 
consumption and subsequent pollution in the air, water, and soil also yield a  
degradation of physical and mental health in humans. The massive additions of 
anthropogenic-induced pollution have diminished the earth’s natural ability to break 
down pollutants. High concentrations of air pollutants such as carbon monoxide, 
sulfur and nitrogen oxides, volatile organic compounds, heavy metals, and radon 
have been linked to a variety of health conditions, including bronchitis, cancer, lung 
disease, heart disease, impaired immune systems, learning disabilities, and even death, 
in some cases. Organic and inorganic waste, PCBs, metals, and pathogens spread 
bacteria and viruses and make water unusable for fishing, potable use, and recreation. 
Although legislation such as the Comprehensive Environmental Response, 
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Compensation and Liability Act (CERCLA) of 1980, the Clean Air Act of 1970, and 
the Clean Water Act of 1972 have mitigated some of the damage, 40,000 contami-
nated sites have still been identified in the United States since 1980, and the U.S. 
Environmental Protection Agency estimates that 42,494 water sources are currently 
impaired, including 44 percent of assessed stream miles, 64 percent of assessed lake 
acres, and 30 percent of assessed bay and estuarine square miles.36 Worldwide, the 
World Health Organization states that approximately one-quarter of the global 
disease burden, and more than one-third of the burden among children, is due to 
modifiable environmental factors.37

Human behavior and space

An examination of human history will show that we have spent more time living 
with nature than apart from it. As mentioned in Chapter 1, the Industrial Revolution 
sparked the first major shift from an agrarian/rural society to an urban society. Since 
that time, our lifestyles have continued to morph further away from the natural 
environment to more “artificial” environments. Built infrastructure, engineering 
marvels, and technological advances – while making many activities of life more 
convenient – have changed the dimension of the places in which we live, work, 
and recreate to an unnatural state that is out of sync with human senses. Peter 
Calthorpe describes the aesthetics of “place” with four dimensions – scale, pace, 
pattern, and bounds:

The scale of our environment is now set in proportion to institutions and 
bureaucracies rather than community and neighborhood; the pace is set by 
electronic sound bites and the auto rather than human breath and step; the 
pattern is established by mass production and discontinuous ownership rather 
than local craft and social continuity; and the bounds are set by wealth and 
power rather than proportion and nature.38

As more of our land and natural resources are being consumed, we are being further 
disconnected from nature, which can lead to social dislocation, community frag-
mentation, and impairments to physical and mental health. The sounds, pollution, 
speed, and size of modern development have caused both tangible and intangible 
chasms in our social fabric. For example, in terms of sound, a typical human con-
versation is around 60 decibels (dB), rainfall is about 40–50 dB, city traffic is around 
85 dB, an ambulance siren is around 125 dB, and a jet plane is around 135 dB. Some 
studies show that exposure to 85 dB can cause permanent damage after just eight 
hours, not to mention the mere nuisance that can increase stress levels and worsen 
mood.39 Others show that people are less willing to help others and cast more 
extreme judgments of others under high noise conditions as compared to low noise 
conditions.40 Street noise can be so acutely deafening that it is difficult to have a 
conversation or listen to music, let alone hear the healing sounds of the natural 
world, such as the birds, the wind, or the rain. Sounds, while not visually tangible, 
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can disassociate people and/or serve as barriers that are just as divisive as visual 
obtrusions. More simply put, we tend to run away from noise.

The same intangible aversions can occur from air pollution. With industrialization 
and over-consumption of our natural resources, taking a step outside to get some 
fresh air can be a challenge as the air is often contaminated with primary pollutants 
such as sulfur dioxide, nitrogen oxides, volatile organic compounds, and PM-10 
particulate matter from fuel combustion, transportation, and industrial processes,  
as well as secondary pollutants such as ozone, peroxyacetyl nitrates, and sulfuric/ 
nitric acids from chemical reactions between sunlight, nitrogen oxides, and volatile 
organic carbons. Some studies have shown that bad odors negatively affect mood  
and attraction to others; others have shown a correlation between higher levels  
of photochemical oxidants in the air and instances of domestic disputes and psychi-
atric disturbance.40 Similar to loud areas, people tend to avoid areas with poor air 
quality, creating dead pockets of space that are unsuitable for habitation or social 
interaction.

The sheer pace of development is also socially disengaging humans on both 
conscious and subconscious levels. As our environment continues to be designed 
around the automobile, we are physically and socially disconnecting people from 
their communities. To put speed in perspective, the average human walks at about 
3 miles per hour and an average car speed in an urban area is about 30 mph. At these 
speeds, a car can travel a mile in 2 minutes, whereas the walker would travel the 
same distance in about 20 minutes. This may seem elementary to some, but such  
a difference has become so embedded in our culture that we are – for want of a 
better expression – “forgetting to stop to smell the roses.” Roads, highways, and 
parking surfaces have fragmented our neighborhoods and exploded the scale  
of development far beyond the dimensions of human movement . . . it often takes 
the same amount of time to cross a 20-foot-wide street as it does to walk a quarter 
of a mile that is unobstructed by traffic. The same infrastructure that once made our 
lives easier and expanded our horizons is now trapping us so we are confined to  
our homes, the insides of our cars, and our destinations. We are no longer designing 
spaces that are sensitive to human dimensions, but rather spaces that are centered 
on speed, efficiency, and maximizing profit. We are becoming too focused on the 
fastest way to get from point A to point B and in doing so are losing touch with  
the journey along the way. This leads to social detachment and disengagement  
with the landscape that ultimately results in spaces that are deprived of function, 
meaning, or culture.

The scale of development has the same social-disengagement effect as the pace 
of development. Buildings, interior spaces, and the distance between buildings are 
all simply becoming too large for effectual human interaction, mobility, safety, and 
physical/psychological comfort. For example, although high-rise construction does 
reduce land consumption to some degree, the visual impact on the landscape and 
the safety and personal comfort issues of constraining people high in the air with 
minimal escape options outweigh the benefits. If high-rises were designed to mimic 
mountains and consisted of terraced external spaces allowing a person essentially to 
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walk around the building to the ground, it would be a different story. But the 
majority of buildings are vertical, confined spaces that segregate people from both 
nature and the urban fabric and place them in harm’s way. Even before the tragedy 
at the World Trade Center in 2001, we should have been asking ourselves: is it 
really healthy and safe to confine people thousands of feet in the air with no 
reasonable means of escape or connection to the outdoors?

The Digital Revolution

In the twenty-first century, the Digital Revolution has added a whole new dimen-
sion to our exodus from outdoor living to indoor living. Televisions, computers, 
and video games have created virtual environments that are further decreasing 
human interaction with the outdoor and natural environments. Even when people 
do venture outdoors, they are often glued to their cell phones, smart phones, tablets, 
laptops, or whatever new gadgets might come down the pipeline in the near future. 
In the workplace, technology has created a double-edged sword: we can process 
information faster and more efficiently than ever; however, the trade-off is that we 
spend more time in sedentary positions fixated on computer screens. In the movie 
WALL-E, the future is depicted as overweight humans living in outer space (because 
their ancestors destroyed the earth), lounging in virtual reality chairs that essentially 
simulate any “real-life” experience.41 Although this was a fictional plot line, it might 
not be that far from where we are headed.

Indeed, humans are spending more time indoors than at any point in history, and 
this trend will only increase as technology continues to advance. In his book Brighten 
Your Life, Dr. Daniel Kripke measured the amount of time people spent outdoors 
in San Diego, California. He found that although San Diego has one of the most 
temperate and sunny climates in North America, people were spending less than 
one hour per day outside, on average. He also compared the San Diego results with 
other data collected in the more northerly climate of Rochester, Minnesota, and 
found people in the latter spent slightly more than an hour outside in the summer 
months, but only about a third as much as San Diego’s residents in the winter.42

Evidence is starting to accumulate regarding the link between physical/mental 
health and nature. A 2004 study at the University of Illinois showed that children 
with attention-deficit/hyperactivity disorder have fewer symptoms, and enhanced 
ability to focus, after outdoor activities such as camping and fishing, when compared 
to indoor activities such as doing homework and playing video games.43 This data 
is consistent with a University of Bristol study that found that children who spent 
more than two hours per day watching television were 60 percent more likely to 
develop a psychological illness.44 A Dutch study from 2009 examined 345,143 
medical records and assessed health status for 24 conditions, including cardiovascular, 
respiratory, and neurological diseases, and found those who lived closer to green 
spaces experienced less anxiety and depression than those who lived farther away 
from green spaces. Additionally, people living in urban environments had a higher 
prevalence of 15 of the 24 conditions, with the relationship strongest for anxiety 
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disorder and depression. As to what specifically improves health, it could be any 
number of factors, including more natural sunlight/Vitamin D, clean air, and/or a 
general sense of tranquility invoked by nature.45 More recently, a meta-study of 
1,252 people collected from ten different studies showed that just five minutes  
of exposure to nature each day improves mental health.46

The sedentary nature of the digital age may also be having adverse effects on  
our physical health. A recent New York Times article suggests that when we sit all 
day, “electrical activity in the muscles drops . . . leading to a cascade of harmful 
metabolic effects.” Sadly, even regular exercise doesn’t offset the damage.47 It seems 
that “sitting has become the new smoking.” Sabine Schaefer, a researcher at the 
Max Planck Institute for Human Development in Germany, recently looked at  
the effect of walking on working memory and found:

The working memory performance of both age groups improved when 
walking at their chosen speed compared with when sitting or walking at a 
fixed speed set by the researchers. This was especially the case for more 
difficult versions of the working memory task, and was more pronounced 
among the children than the adults. So, this would appear to be clear case of 
mental performance actually being superior in a dual-task situation.48

There are various theories that attempt to explain nature’s mechanism for restoring 
human well-being. In his book Environmental Psychology, Robert Gifford describes 
three such theories: the affective-arousal approach that asserts that nature’s benefits 
derive from the positive emotions it elicits in us and that any calm, peaceful setting 
will have similar benefits; the attention-restoration theory, where nature is said to 
compel our involuntary attention; and the evolutionary or biophilic approach  
that builds on the notion that humans are genetically more adapted to natural than 
built settings due to millions of years of evolving in natural settings.49 Although 
humans historically created shelter for protection from the unwanted elements  
of nature, the research suggests that we may have taken this division too far. The 
human disconnect from the natural environment is causing physical and psycho- 
logical impairments that further support the need to conserve, preserve, and restore 
the natural environment.

The economic environment

In the past, the economy and the physical environment were often viewed as an 
“either–or” situation: what was good for the environment was often viewed as 
harmful or a low priority for economic growth. Indeed, renewable energy, 
alternative transportation, and green infrastructure often seemed to take a back  
seat to defense, healthcare, jobs, education, and social security, to name a few. 
Development – whether it was responsible or not – was often viewed as symbiotic 
with economic growth. In their book Designing Greenways: Sustainable Landscapes for 
Nature and People, Paul Hellmund and Daniel Smith refer to this as creative destruction: 

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



Why regreen the built environment? 21

“The capitalist economy that has helped to produce a remarkable high standard of 
living for a minority of the world’s inhabitants relies on the constant dissolution  
and reconstitution of nature and society into new forms.”50 If you have ever played 
with Lego blocks with a four-year-old, you will know that the first thing they do 
after you build something is knock it down . . . and then rebuild it . . . and then 
knock it down again. And when they get bored with that process, they just leave 
the blocks in piles all over the floor and move on to something else. This is what 
keeps it interesting for them. This is essentially the same way we approached the 
built environment in much of the latter half of the twentieth century, and much of 
it was in the name of “economic growth.” Land developers thrive on this approach;  
little do they realize they are acting the same way as four-year-old kids playing with 
their toys.

Luckily, in the twenty-first century, this paradigm is starting to change. It is now 
being recognized that global climate change, environmental restoration, and sustain-
able development are no longer alternatives that need to be sacrificed for the 
economy, but mandatory issues that must be addressed and can actually drive  
the economy. Notions of conserving land, restoring nature, and building sustain- 
able, net-zero carbon buildings are starting to supplant the “develop as much as we 
can for the lowest cost” approach in terms of long-term economic growth. Investing 
in green infrastructure, transportation, and renewable energy creates jobs on our soil 
and will ultimately decrease our dependency on foreign oil, which in turn will save 
the taxpayer millions – if not billions – of dollars as there will be less need to protect 
said overseas oil interests. Economic geographer Roger Stern of Princeton University 
recently estimated that the U.S. has misallocated $8 trillion since 1976 by protecting 
the oil flow from the Persian Gulf that fuels much of the global economy.51 Imagine 
if that $8 trillion had been spent on energy and transportation instead.

Investing in auto-alternative transportation would actually save money in the  
long run based on energy consumption alone. Data reveals that urban car travel is 
nearly two times as energy consumptive as average bus travel, six times more energy 
intensive than average urban electric train travel, and 3.7 times more energy intensive 
than typical light rail or tram travel.52 Money can also be saved by divesting funds 
away from highway maintenance and expansion. A study conducted by D.A. 
Aschauer and E.J. Campbell in 1991 showed a 10-year, $100-billion transit invest- 
ment would yield improved worker output valued at $521 billion; a comparable 
expenditure on highways would yield $237 billion. The highest annual level of net 
benefits from such an increase in transit would be $15 billion in 10 years, as compared 
to only $7 billion in the same time frame for road construction.53 Investment in rail, 
as will be discussed further in Chapter 5, can also influence urban form and attempt 
to preserve open space and restore sprawled patterns of development plagued with 
economic blight. The pattern is all too familiar, especially in many of the northeastern, 
Rust Belt cities discussed throughout this book. City centers become old, congested, 
polluted, and crime-ridden. Since it is easier and cheaper to build new structures in 
the suburbs in most regions, no effort is made to renovate the buildings and infra- 
structure in the city, thus residents flee to the suburbs and businesses and industries 
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close, struggle, and/or vacate the city altogether. Highways are then constructed to 
connect the suburbs and the city. Suburbs are developed in a dispersed, non-compact 
fashion, which in turn causes auto-dependency and subsequent road expansion. 
More money is spent connecting utilities to distant locations. New corporate retailers 
construct big-box structures and undercut independent businesses. These small 
businesses close and are abandoned or knocked down to make room for another 
cookie-cutter box store. The landscape is forever transformed and land values around 
or in close proximity to freeways and/or shopping centers decline. Residents spend 
their money at corporate retailers and the cash is siphoned to the top and never 
trickles its way back down to the middle class. In transit-oriented design, development 
is clustered around transit stations and the land between these stations can be preserved 
for wildlife, ecological processes, parks and recreation; large consumption of land for 
new road expansion and parking can also be curbed.

Indeed, green infrastructure, greenways, and parks have been shown to increase 
land value, save money, and generate new capital by attracting and/or creating  
new business, residents, and recreational opportunities. Preserving watersheds and 
marsh areas can drastically save dollars by preventing flood damage and providing  
a natural sink for pollutants, thereby eliminating the need to implement artificial  
or “human-made” solutions. Planting trees alone has been shown to benefit the 
economy. The American Forestry Association estimates that a single 50-year-old 
urban tree saves $75 every year in air conditioning, $75 every year in stormwater 
and erosion control, $75 every year in wildlife shelter, and $50 every year in air 
pollution control.54 And then, of course, there is the benefit of tourism. Believe it 
or not, people still do like nature. For example, the U.S. National Park Service 
reported 292,800,082 annual recreational visits to its 407 areas in 2014;55 Ski 
Vermont reported 4.5 million skier visits in 2013–2014;56 and 2–3 million people 
visit the Appalachian Trail every year.57

Ecological Economics poses the idea that a sustainable society doesn’t draw down 
any of the capital stocks on which its operation depends. Capital stocks can be built/
economic capital, natural capital, social capital, and/or cultural capital.58 In the state 
of Vermont, citizens recognized the importance of their natural, social, and cultural 
capital soon after the arrival of Interstate 89 in 1958 through the otherwise rural and 
agricultural landscape. Since this time, they have adopted stringent land use standards 
to prevent irresponsible development that could infringe on the very way of life  
that generates capital for the state. Although Vermont is not immune to sprawl, this  
idea of preserving the landscape to generate capital is the opposite of the approach 
much of the country employed throughout the twentieth century, when 
development was maximized to stimulate economic growth. This is essentially a 
game of “less is more versus more is more.”

Sustainability

In recent times, the term “sustainability” has become so ubiquitous that it is often 
difficult to determine if the product, strategy, or design that is being marketed as 
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“sustainable” deserves the description. Who defines sustainability and who gets to 
decide what is and what is not sustainable? Traditionally, the general term was used 
in reference to the planning, allocation, and managing of natural resources so  
that such resources would not become depleted over time. In a 2006 interview 
conducted by Architectural Record, John Ehrenfeld – a professor at MIT – eloquently 
defines sustainability as “the possibility that human and other forms of life will 
flourish on the planet forever.”59

After World War II, associated terms such as “sustainable development,” 
“sustainable design,” and “sustainable futures” were coined to suggest hope for 
perpetual prosperity.60 The Green Movement of the 1960s popularized the concept 
of green design by re-evaluating development, buildings, and design on ecological, 
energy usage, and bioclimatic principles. However, some experts argued that the 
“green” aspect of design was only one portion of a broader definition of sustainable 
development. Over time, sustainable development has continued to ponder notions 
of balancing or “merging” two historically paradoxical concepts: conservation  
and development. Can the economy and civilization continue to advance while 
simultaneously preserving the natural state of the planet?

Some experts argue that no human activity is truly sustainable, for all of our 
actions, whether “minimized” or not, will leave a footprint on the natural state of 
our planet. Others go a step further and define ideals on cosmic levels and believe 
nothing in the universe is meant to last for ever: our star (the sun) will eventually 
burn out and life in our solar system as we know it will cease to exist, so “live and 
let live.” Although true, this definition seems somewhat grim.

Robert Shibley and students at the University at Buffalo identified five general 
definitions of sustainability that were perceived throughout the world as part of a 
project for the Monteverde Conservation League and its Sustainable Development 
Commission:

The definitions include the economic definition, which defines nature and 
human-made capital as assets serving economic functions; the human centered 
or homo-centric definition, which is based on an interpretation of the world 
which defines the earth and its resources for human use; the stewardship 
definition, which defines a balance or convergence of humans and nature; the 
bio-centric definition, which recognizes the protection of the environment 
above humans; and the eco-centric definition, where the primary objective 
is the conservation of species and the environment. One observation of the 
study stated is that the definition of sustainable development is best defined as 
that which is in the best interest of those offering the definition.61

In 1987, the World Commission on Environment and Development defined  
sustainability as development that meets the needs of the present without compro-
mising the ability of future generations to meet their own needs.60 The challenge is 
that we have no idea what the future holds or what the needs of future generations 
might be – we can only make educated estimates. The term “needs” can also vary, 
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based on worldview, geography, and socio-economics. Sustainability, as a result, 
becomes relative to both the “present” and to one’s “place” in the world. A project 
that may be considered sustainable in 1998 may not be considered sustainable  
in 2020 as technology improves and standards and regulations become more  
stringent. In the early twentieth century, asbestos was considered one of the most 
durable and practical materials that offered solutions to a variety of construction 
problems, but we later learned of its adverse health effects that forced us to think 
otherwise. The World Trade Center’s tube-tower design was considered innovative 
at the time it was designed. Perimeter columns were connected to the central core 
with composite floor truss systems, allowing open floor plans uninterrupted by 
columns or structural walls. During structural simulation tests, conducted in 1964, 
the towers were shown to be able to withstand an impact without collapse from a 
Boeing 707 traveling at 600 miles per hour. Although the planes that struck the 
buildings in 2001 were slightly larger (Boeing 767s), very few people thought there 
was any chance of a complete collapse. Indeed, our definitions of what is considered 
“enduring” or “sustainable” will continue to evolve.

Fortunately, sustainability recognizes human limits. A more accurate definition, 
with “disclaimers” included, might say, “Development that strives to meet the  
environmental, social, and economic relative needs of the present with the best avail-
able solutions without compromising the environmental, social, and economic 
well-being of future generations using the most accurate future prediction methods 
available in the present.” Does this cover everything? You will notice that the 
phrases “strives to meet” and “relative” factor out human differences and human 
limits. We can only do our best, and, as one of my professors used to say when 
encouraging us to recognize our limits, “everything can’t be everything.”

Daniel E. Williams recognizes this paradox in his book Sustainable Design.  
He defines sustainability as a continuum where design and planning approach 
sustainability:

A design is sustainable or it is not. If it is not sustainable, changes can be made 
to make it sustainable. If it is sustainable, by necessity it will be changing  
and evolving. Sustainability is not static – it is iteratively changing based on 
evolving knowledge that connects science and design.

He goes on to say that “a design must be capable of functioning ‘unplugged’ from 
the external nonrenewable energy sources and resources to be sustainable.”62 This 
may seem extreme to some, but it will become commonplace in the near future.

In the book Greening Vermont: The Search for a Sustainable State, the authors state:

Sustainability is an either–or goal – you either achieve it or you don’t. And 
nature decides what is and isn’t sustainable; it always has and it always will. 
We humans, with our limited vision, have to make our best guess as to what 
the limits imposed by nature must mean for us.63
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Indeed, a key aspect to sustainability is responsibility to the earth. We must question 
our projects, lifestyles, and activities. Is new development always necessary? If so, 
how can development work in harmony with nature? How can the impact on the 
natural landscape be minimized? How can development benefit diverse user groups? 
What is the payback of the project? If we continue to pose such questions and look 
outside the box, we will eventually discover that we are indeed engaging in 
sustainability.
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3
ECOLOGICAL DESIGN,  
ENERGY, AND WASTE

KEY POINTS

➣	 Ecology is the study of the interactions between living organisms and the 
environment.

➣	 Ecological design seeks to integrate design with living processes.
➣	 A comprehensive site analysis examining topography, soils, vegetation, 

animal species, water patterns, and energy flows is imperative to inform 
the design process.

➣	 Bio-regionalism is understanding natural processes at larger scales beyond 
the immediate project site.

➣	 The built environment is out of sync with the producer–consumer–
decomposer closed-loop system found in nature.

➣	 Ecological design strives to utilize natural forces and energy flows and seeks 
to reduce, reuse, recycle, and recover waste, materials, and water.

➣	 The sun provides renewable energy directly through solar radiation or 
indirectly through wind, water currents, biomass, and geothermal heat.

➣	 Passive solar systems capture ambient flows and do not rely on external 
electrical or mechanical systems to convert energy; active solar systems use 
similar components to passive systems, but use electrical/mechanical 
systems to pump the air or water.

➣	 Photovoltaic panels are made up of small cells that consist of wafers 
composed of a semi-conductive material (usually silicon) that absorbs 
photons and releases electrons to generate electric current.

➣	 Photovoltaics can be in the form of trackable or fixed panels or can be 
infused into building materials.

➣	 Ridgelines on mountains are often optimum places to site wind turbines 
due to constant wind flow; however, such locations also present visual
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 obstructions and impairment to wildlife. Placing wind turbines offshore or 
on existing brownfields can have less damaging impact on aesthetics and/
or wildlife.

➣	 Geothermal power utilizes the heat underground toward the core of the 
earth. Dry steam plants capture hot steam that is directly available under-
ground, while flash steam plants capture hot water from an underground 
reservoir and convert it into dry steam to drive turbines. Binary steam 
plants employ a secondary fluid with a boiling point less than water to 
generate steam.

➣	 Biomass is the oldest and most common form of renewable energy. 
Sustainable forestry management ensures that biomass is not extracted at 
faster rates than it is consumed and that forests maintain diversity and/or 
are regenerated after a harvest.

➣	 Energy can be tapped from flowing water through large-scale hydro dams, 
micro-hydro systems, or from tides.

➣	 Reducing, reusing, and recycling waste is dependent on changes in 
industrial design and packaging and lifestyle changes that make us rethink 
what we need, what we use, and what we are throwing away.

➣	 Animal waste can be converted into energy through the process of 
anaerobic digestion. There are roughly 8,000 farms in the U.S. that have 
the potential to harness energy for a million homes.

➣	 Human waste can also be treated on site through anaerobic or aerobic 
digestion. Biological filters can recycle wastewater for irrigation, landscaping, 
industry, and toilet flushing.

If there is ever any confusion as to what ecological design encompasses or how to 
engage the ecological design process, there is a simple solution: take a walk in nature. 
Observe the plants, the animals, water movement, the wind, the sun, the temperature, 
the decomposition of waste, the flow of energy, and how wildlife creates habitats that 
are symbiotic with nature. The answers are all right in front of you. Indeed, ecology 
is the study of interactions between living organisms and their environment. Ecological 
design thus seeks to integrate design with living processes. In the recent past, many 
designers interpreted this as merely blending form with natural features. While  
the aesthetic fusing of built and natural forms is certainly desirable from a natural 
preservation perspective, it is only a small piece of the “holistic ecological design” pie. 
A comprehensive ecological design model strives to make the design function like a 
living organism, or, as Sim Van der Ryn and Stuart Cowan describe it, as a “marriage 
of nature and technology, or as any form of design that minimizes environmentally 
destructive impacts by integrating itself with natural processes.” Van der Ryn and 
Cowan further describe this design integration as “one that respects species diversity, 
minimizes resource depletion, preserves nutrient and water cycles, maintains habitat 
quality, and attends to all the other preconditions of human and ecosystem health.”1
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Ian McHarg was one of the pioneers in ecological design. In 1969, he published 
Design with Nature, where he advocated sensitivity to place – “that no human inter-
vention into nature should be considered without a thorough analysis of the com-
patibility between a building and the ecosystem in question, including the specific 
topographical and microclimatic conditions of the site.”2 The book demonstrates a 
comprehensive analysis of all the layers inherent in a site to inform land use planning 
and the design of communities, including soils, hydrology, groundwater, topo- 
graphy, vegetation, wildlife, local weather patterns, wind, sun, and geological  
features, to name a few. This layer analysis (McHarg used stacked Mylar maps) 
formed the basis of the environmental impact statement process and was a precursor 
for modern Geographic Information Systems (GIS) software. Another concept that 
emerged from McHarg’s book is the notion of bio-regionalism, which essentially is 
understanding natural processes at a larger scale, beyond the immediate project site. 
Regional analysis often reveals conflicts, history, and patterns of development that 
would otherwise not be apparent if the focus were confined to technological 
prowess over nature.

McHarg’s model has been adopted, transformed, and/or integrated into current 
landscape planning and environmental policy and has influenced much of the  
current thinking around the notion of sustainability in design. In their book Ecological 
Design, Van der Ryn and Cowan lay out five general principles for ecological design: 
solutions grow from place; ecological accounting informs design; design with nature; 
everyone is a designer; and make nature visible.3 In Design for a Vulnerable Planet, 
Frederick Steiner also describes five principles for a twenty-first-century architecture: 
the location of a site; energy efficiency; water conservation; building materials; and 
beauty.4 One of my professors at architecture school (Dennis Andrejko, FAIA)  
used the human body analogy to describe an “organic” approach to design buildings. 
Like the human body, buildings need systems to think, breathe, circulate, filter 
pollutants, maintain temperature, and discard waste. Like the human body, there are 
efficient ways to use energy and not-so-efficient ways. And like the human body, 
buildings get tired, age, and even eventually die. I’m not sure if Dennis actually 
coined this analogy, but it certainly works when trying to connect built and living 
systems and when attempting to engage ecological design.

A thorough understanding of ecology at local and regional levels can reveal 
where and what types of development are and are not appropriate. Often, analysis 
might reveal that no development is conducive for a site, but rather the preservation, 
regeneration, and/or enhancement of original, pre-development natural conditions. 
Such strategies include reforestation/revegetation, the conservation/enhancement 
of natural buffers along waterways, stream-bank and shoreline stabilization to protect 
against erosion and storm surge, wetland restitution, and bioremediation.

Where development is appropriate, ecological analysis reveals optimum bio- 
climatic design strategies that harness and utilize the natural forces (sun, wind, light, 
heat, and water), methods to treat and capture stormwater on site, ways to treat and 
recycle waste, the use of native materials, strategies to decrease erosion and sediment- 
ation in the construction process, and techniques to minimize the footprint of the 
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infrastructure being constructed. The ecosystem model can also be applied to urban 
environments to understand human activities/behavior, social/cultural interaction, 
and the spatial relationships of humans, infrastructure, and nature. Indeed, an under-
standing of all aspects of “place,” whether they be ecological, cultural, or historical, 
is imperative to inform the design process.

Energy

Utilizing renewable energy sources is a vital component in ecological design and in 
sustaining ecosystems. Solar energy from the sun is the primary source of sustenance 
for all living organisms on our planet. It takes about eight minutes for heat and light 
from the sun to reach the earth. The radiant energy reaching the earth’s surface is in 
the form of ultraviolet, infrared, and visible light. Solar radiation is equal to 178,000 
terawatts a year (or about 15 times the world’s present energy supply). Of this,  
30 percent is reflected back to space; 50 percent is absorbed, converted to heat,  
and reradiated; and 20 percent creates wind, powers the water cycle, and drives 
photosynthesis.5 Due to the earth’s rotation and axial tilt, the water and land absorb 
different amounts of heat energy. The temperature differentials create differences in 
air density, which thus create differences in air pressure. Wind results from air 
flowing from high pressure to low pressure. Both wind and ocean currents also move 
from east to west (clockwise in the northern hemisphere, counterclockwise in  
the southern hemisphere) due to the west to east rotation of the earth. Weather 
patterns, fronts, and precipitation are also driven by the interaction of different air 
masses. Plants, algae, and bacteria also absorb sunlight and convert solar energy into 
chemical energy via photosynthesis. Photoautotrophs (plants, algae, and bacteria that 
perform photosynthesis), also known as “producers,” absorb sunlight predominantly 
through chlorophyll and convert carbon dioxide and water to sugar and oxygen. 
Consumers (animals, humans) feed on organic material produced by the producers, 
and decomposers (bacteria and fungi) break down organic materials from dead  
plants, animals, and waste and convert them into nutrients in the soil, thus enabling 
the plants to grow and ensuring the consumers a continuous supply of food. As 
mentioned in the preceding chapter, this balance is currently being disrupted as  
the intensity of human activities outpaces the natural regeneration of this cycle. The 
sun, therefore, is the critical piece of the puzzle. It can be tapped directly through 
the use of passive or active technology or indirectly from the wind, water, and 
biomass it creates. As of 2015, renewable energy accounted for 10 percent of the 
total energy consumption in the United States and 13 percent of the electrical use. 
Of the 10 percent, 48 percent was produced from biomass, 25 percent from hydro, 
19 percent from wind, 6 percent from solar, and 2 percent from geothermal.6

Solar power

Solar energy can be captured through passive or active systems. A passive system 
uses ambient flows of energy and does not rely on external electrical or mechanical 
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systems to convert energy. In the northern hemisphere, south-facing windows or 
collectors are often employed to maximize the absorption of sunlight in the winter. 
Collector boxes with glass tops can be mounted on the side of a structure and are 
insulated and painted black on the interior to minimize heat loss/maximize 
absorption. Cold air from the interior of the building is drawn into the collector 
from a vent in the bottom. The air is warmed in the solar collector and then flows 
back into the building by natural convection through a vent toward the top. In 
buildings that utilize south-facing windows, eaves/roof overhangs can be designed 
that block the sun in the warmer months but allow it to enter in the cooler months. 
Materials with high thermal storage capacity/high thermal lag (masonry, concrete, 
or water) are placed in proximity to the windows. These materials absorb the heat 
energy in the day without overheating and slowly release the heat when the sun 
goes down. Windows can be treated with shutters, curtains, or glazing that trap  
the longer-wave infrared radiation that is absorbed on the interior of the building. 
Similar to passive solar air collectors, passive water systems also consist of a collecting 
box with a glass top and a black bottom with embedded water tubes. Cold water 
moves from the water source toward the collector box. The water is then heated in 
the box and flows into a storage tank. The collector must be lower than the tank to 
allow the heated water to rise by natural convection to the tank and the colder water 
from the tank to descend into the collector. Burrowing buildings into the earth 
(earth sheltering) is also a way to utilize the latent heat of the ground. This concept 
is discussed further in Chapter 8.

Active solar systems utilize similar components as passive collecting systems, but 
use electrical and mechanical systems to pump the air or water. Active systems can 
also employ photovoltaic panels that actually produce electrical power. The panels 
are made up of small cells that consist of wafers composed of a semi-conductive 
material (usually silicon). The silicon absorbs photons and releases electrons. The 
electrons are then captured in the form of electrical current along a contact. A group 
of solar cells is a module, and a group of modules is referred to as an array. Electricity 
is produced in the form of direct current (DC), so systems are then connected to an 
inverter to convert the DC to alternating current (AC). The AC is then connected 
to a fuse box, which is connected to a battery for storing the electrical power. 
Systems can be stand alone or connected to the grid, allowing a user to sell excess 
electricity to the power company. Photovoltaic arrays can be fixed or can rotate on 
one or more axes, thus allowing the array to track the sun across the sky and 
maximize absorption. Although the tracking units are more expensive, it is estimated 
they are roughly 10–25 percent more efficient than fixed units.7 Photovoltaics can 
also be embedded in building materials, roofing, or ground cover. The “Sola-Road” 
is discussed in more detail in Chapter 6.

Improvements in technology, lower costs, and an increase in solar design/
installation companies have caused a growth spurt in the solar industry in the last 
ten years. As of 2014, the United States had more than 480,000 systems installed, 
yielding more than 13,400 megawatts – enough to power 2.4 million typical 
households.8 The United States Department of Energy estimates that if solar panels 
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covered just 0.5 percent of America’s landmass, they could generate all the electricity 
the nation currently requires.9

Wind

Similar to solar panels, improvements in wind turbine technology and efficiency 
have drastically reduced the cost of wind-generated electricity over the past  
40 years. Currently, a wind turbine with blades 130 feet in length costs around  
5 cents per kilowatt-hour as opposed to $2 per kilowatt-hour for a turbine with 
32-foot-long blades in 1970.10 Turbine diameter (the length from tip to tip of the 
blades) can range from 1.7 to 330 feet, with the former producing 20 watts and  
the latter 3 megawatts per day.11

Often, the biggest obstacle for wind farms is the visual impact, which can cause 
people who are in favor of wind energy in principle to oppose it because they  
do not want to see the turbines in the landscape. This is often dubbed a NIMBY 
(not in my backyard) scenario. In addition to aesthetics, turbine construction and 
operation can also harm wildlife, especially along mountain ridges and/or along 
migratory bird or bat routes. According to the National Audubon Society, 140,000–
328,000 birds are killed per year by wind turbines in North America alone.12 These 
factors make wind power a double-edged sword in terms of environmental pro- 
tection. Some technologies that are being tested to decrease bird fatalities include 
the use of GPS, radar, and/or cameras to detect approaching birds; using darker-
colored blades that attract fewer insects than lighter-colored blades, thus reducing 
the number of birds that feed in the vicinity; the use of UV lighting as a bird/bat 
deterrent; and the production of blades that rotate vertically, around the pole of the 
turbine, instead of the conventional “fan” style blade.12 However, the data on most 
of these technologies does not show much promise. According to the U.S. Fish and 
Wildlife Service, the best option is to site the turbines away from bird congregation 
spots, such as wetlands and migratory stopover points. Between 1994 and 1998, a 
comprehensive study was conducted at the Searsburg Wind Facility in southern 
Vermont that examined the effects of turbine construction and operation on bird 
populations, behavior, migratory patterns, and fatalities and concluded there were 
virtually no adverse impacts. Researchers found no bird carcasses near the turbines 
and no evidence of scavenger activity.13

It is also important to consider that every action has consequence and that the 
benefits of any technology must always be weighed against the risks. For example, 
according to Sibley Guides, it is estimated that 97–976 million birds are killed from 
colliding with windows per year in North America, 5–50 million per year from 
communication tower collisions, up to 174 million per year from transmission lines, 
up to 60 million per year from collisions with cars, up to 72 million per year from 
pesticides, and 100,000–2 million from oil spills and/or oil and wastewater pits.14 
While these figures are grim, they can also offer perspective. As we are at peak oil, 
we will have no choice but to tap as many renewable options as possible – there is 
no “one technology solves all” solution.

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



Ecological design, energy, and waste 35

Another option is to construct the wind turbines offshore, where they are out of 
sight, negating any adverse visual impact, and away from bird flight patterns. 
Although the initial construction cost is higher, the more consistent wind speed that 
is present over the oceans yields increased power production.

Worldwide there are 4.45 GW of offshore wind energy installed, with  
another 4.72 GW under construction and an additional 30.44 GW approved. 
Over 50 projects are operational in coastal waters of countries such as 
Denmark, the United Kingdom, Germany, Norway, the Netherlands, Japan, 
China, South Korea, Belgium, Sweden, Italy, Portugal, and others.15

Geothermal

Geothermal energy uses steam produced from hot, underground reservoirs either 
to heat buildings directly or to drive turbines to produce electricity. Since the  
core of the earth consists of hot, molten rock, the temperature increases with  
depth. There are three types of geothermal power plants: dry steam, flash steam,  
and binary steam. Dry steam plants extract dry steam directly from underground and 

FIGURE 3.1 Solar and wind. Top left: Tracking solar unit in front; fixed, ground-
mounted solar panels behind. Top right: Roof-mounted solar panels. Bottom left: Wind 
turbine at summit of Bolton Valley Ski Resort. Bottom right: Maple Ridge Wind Farm, 
Lowville, NY
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use it to drive turbines. Currently, the only dry steam plants in the United States 
are located at the geysers in the Mayacamas Mountains in northern California. 
There are currently 14 plants at the complex that draw from over 327 wells spread 
over 45 square miles. The geysers are currently producing 725 megawatts of 
electricity, enough to power 725,00 homes.16 Since there are only two known 
sources of steam in the United States (the other being at Yellowstone National  
Park, which is protected from development), flash steam plants that draw from hot 
water reservoirs beneath the surface are more commonly employed. Production 
wells are drilled into the reservoirs, allowing the hot water to ascend under its  
own pressure. As the water ascends, the pressure decreases and the hot water  
boils into steam, which is then extracted from the water and used to drive turbines. 
The water is then returned to the geothermal reservoir through a separate injection 
well. Binary steam plants use the extracted hot water to boil a secondary fluid with 
a boiling point less than water. The secondary fluid is then vaporized and used to 
drive the turbines.

Biomass

Burning wood is probably the oldest way to produce energy, and it is still the  
most prominent form of renewable energy worldwide – especially in developing 
countries. Timber is sustainable as long as it is not harvested faster than it is regener-
ated. Sustainable forestry management practices should encourage regeneration, 
biodiversity, and long-term sustainability of the forest. As far as forest sustainability 
is concerned, the best method of harvesting timber is either a selective-thinning 
harvest, where cutting is confined to dead or diseased species or pruning the crowns 
of trees, or a single-tree harvest, which removes only trees of low value or those 
that compete with other trees. Both of these methods leave the forest intact and 
allow new seedlings to grow in place of the harvested trees. However, this selective 
harvesting may not yield enough timber to meet a community’s energy needs and 
certainly would not be economically feasible for those selling the timber. In a shelter- 
wood harvest, mature trees are left in place to “shelter” the growth of new trees. 
The mature trees are then removed over a period of 10–15 years once the new 
growth is well established. Other systems include seed tree harvests, which leave 
only a small percentage of mature trees to “reseed” the forest; group selection harv- 
ests, where trees are harvested in clusters over a 40–50-year span; and clear cutting, 
which removes all the trees in a given area. Clear cutting and any other large-scale 
group removal of trees are controversial due to the visual impact. However, in some 
cases, this can be an effective tool to regenerate a forest and create more biodiversity. 
Clear cutting with a long-term goal of reforestation is obviously not as devastating 
as clear cutting for development. Controlled burning to remove undergrowth on 
the forest floor can also be perceived negatively, but in fact it can be an effective 
way to prevent forest fires, foster new growth, and control disease. Once again, in 
any timber harvest, it is imperative to balance the removal with the regeneration to 
prevent deforestation.
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In addition to the burning of wood or organic matter, biomass can be converted 
into liquid fuels such as ethanol or biodiesel to generate power. Ethanol can be  
made by fermenting sugar from plant material or by gasification that uses high  
temperatures to convert the biomass into a synthetic blend of hydrogen and carbon 
monoxide that can be converted in turn into ethanol. The feedstocks used in  
fermentation can be starch- and sugar-based crops such as corn or sugar cane, or 
cellulosic, non-food-based feedstocks such as crop or wood residue or switchgrass. 
Corn-based ethanol is currently the most widely tapped energy crop in the United 
States; however, sugar cane is more efficient when examining the ratio between  
the amount of energy the crop yields and the amount it consumes in the manufac-
turing process. Brazil currently meets 40 percent of its transportation demand with 
ethanol derived from sugar cane, and the process yields eight times the energy it 
consumes.10 Biodiesel is produced by combining lipids such as vegetable oil, animal 
fat, or cooking grease with alcohol. It can be used in pure form or blended with 
petroleum diesel at different concentrations. Both ethanol and biofuels emit fewer 
greenhouse gas emissions than conventional gasoline since the carbon dioxide 
released is offset by the CO2 captured when crops used to make the ethanol are 
grown. A 2012 study by Argonne National Laboratory found that corn-based 
ethanol released 19–48 percent fewer greenhouse gas emissions than gasoline, and 
cellulosic-based ethanol released 115 percent fewer greenhouse gas emissions than 
gasoline depending on the feedstock type and the conversion process.17

Hydro

Large-scale hydro power projects, which generate more than 30 megawatts per day, 
provide the vast majority of power produced by water in the United States. Much 
of the power from large-scale facilities is purchased across state and country lines 
due to the limited locations of such projects. The amount of power produced by 
large-scale hydroelectric facilities is proportional to the height of the dam and the 
volume of water flowing through the turbo-generators. Although hydro power  
is clean in terms of emissions and the most common renewable source across the 
world, construction and operation can have ecological impacts both upstream and 
downstream from the dam. Fluctuating water levels due to increases/decreases in 
energy demand impact sediment and nutrient levels as well as fish migration and 
habitat. In the field of medicine, doctors always must determine if the benefits of a 
treatment outweigh the side-effects; the same holds true in energy design . . . and 
the design of everything else, for that matter.

Micro-hydro precedents: Aspen/Snowmass and Whistler–Blackcomb

There are alternatives to large-scale hydro projects: small-scale projects that generate 
.01–30 megawatts per day; and micro-hydro power projects that generate around 
100 kilowatts per day. Such projects can be constructed with minimal impact to 
habitat, stream morphology, or water quality, especially at ski resorts that already 
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FIGURE 3.2 Robert Moses Hydroelectric Plant at Niagara Falls, NY. Water is channeled 
from the upper river (top) into a holding pond (middle) and then released into turbines 
in the gorge (bottom). The holding pond allows water to be increased or decreased 
based on energy demand
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have the required infrastructure in place. Streams can be drained into existing 
snowmaking pipes and then channeled into an impulse turbine. The turbine can be 
co-located with existing pumps and generators used for the snowmaking. A forebay 
is usually constructed near the intake to serve as a settling pond for debris before 
water flows down the snowmaking pipe, or “penstock.” Additional filters are placed 
between the forebay and the penstock to prevent smaller sediment from clogging 
the system. Operations can be controlled remotely from a central maintenance 
facility, minimizing the need for intrusive roadways for service vehicles.

Similar to large-scale systems, the amount of power from a micro-hydro system 
is dependent on the product of flow volume (quantity of water) and head (the vertical 
distance between the intake and the turbine). These two factors determine the 
pipeline (penstock) length and diameter, the turbine type, the size of the generator, 
and the rotational speed.18 The greater the head, the less water is needed to produce 
a given amount of power.19 Although it is ideal to situate a micro-hydro system  
on a stream that flows consistently throughout the year, fluctuations in flow can be 
regulated with a holding pond located near the intake. The flow rate for a given 
project can be estimated by multiplying the net head (the vertical distance between 
the intake and the turbine after subtracting losses from friction) by flow (gallons per 
minute) and dividing the product by ten. This gives the system’s output in watts.19

There are three primary types of turbines used in hydroelectric systems: impulse 
turbines, submersible turbines, and reaction turbines. Impulse turbines, which 
include the Pelton Wheel and the Turgon Wheel, use the velocity of water to turn 
the runner. Impulse turbines can have multiple nozzle openings to increase power 
output. Submersible turbines, such as the Jack Rabbit, can be placed directly in 
streams and do not require a vertical drop (head). The Jack Rabbit generates about 
100 watts, or 1.5 to 2.4 kilowatt-hours (kWh) per day.18 Reaction turbines, often 
used in large-scale hydro projects, produce energy by pressure from runners that 
maintain constant contact with the water.19 The turbine converts water power into 
rotational power at the shaft, which is converted into electrical power by the  
generator.20 Micro-hydro systems can operate off the grid with or without batteries, 
or can connect directly to the grid via AC/DC generators.

In the late 1990s, Snowmass’s snowmaking supervisor Jim Holton conceived  
the notion of utilizing the snowmaking distribution system for hydroelectric  
power at Snowmass Ski Resort in Colorado. Doug MacKenzie, Aspen Skiing 
Company’s general manager at Snowmass, and Auden Schendler, the company’s 
environmental affairs director, approved the idea and began planning for the project. 
The micro-hydro system at Snowmass functions similar to a typical large-scale 
hydroelectric power station. A storage pond located about 800 feet up the mountain 
collects water from a stream. The water is then drained from the storage pond via 
the snowmaking pipe to a small powerhouse at the base of the trail that contains  
a single-nozzle 115 kilowatt (kW) Pelton Turbine, custom built by Canyon Hydro. 
Excess water is drained into a snowmaking retention pond located near the turbine 
and returns back to the stream. Mountain Peak Controls in Brighton, Colorado 
designed the control system that networks the snowmaking system and the turbine 
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by regulating water flow, temperature, pressure, and flow direction. “In 2005, 
roughly 200,000 kilowatt-hours of electricity were generated (enough to power 40 
homes) and 400,000 pounds of carbon dioxide emissions were prevented. Currently, 
the system averages about 250,000 kilowatt-hours per year.”21 Without the 
snowmaking infrastructure in place, the cost of installing the pipe, the retention 
pond, and the turbine would be several million dollars. At Snowmass, the entire 
system (including labor and permit fees) cost around $155,000 – an investment with 
a payback in as little as seven years.21 About $55,000 of the funding came from 
grants from donors such as the Colorado Office of Energy Management and 
Conservation, Aspen Community Office for Resource Efficiency, the Ruth Brown 
Foundation, Holy Cross Energy, REMP, StEPP, and Snowmass Village.22

In 2008, Whistler–Blackcomb Ski Area in British Columbia began construction 
of a 7.5-megawatt hydro system along the Fitzsimmons Creek. The project proposes 
to generate 33.5 gigawatt hours of electricity per year – enough to offset the resort’s 
winter and summer operations, which includes 38 lifts, 17 restaurants, 269 snowguns, 
and the various service facilities. The creek provides an ample, year-round flow and 
is already networked with the resort’s existing snowmaking system.23

Tidal power

Another method of generating power through water is to capture energy from the 
rise and fall of ocean tides. Tides are cyclical movements of oceans created from  
the gravitational pull of the sun and moon on the earth. Energy from the tides can 

FIGURE 3.3 Diagram of micro-hydro project at a ski resort
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be harvested from the difference between the high and low tides by constructing 
either a barrage or dam across the mouth of a bay, or artificial lagoons that capture 
and release water from the tides. Turbines are mounted underwater across the 
barrage and/or mouth and can capture both the incoming and outgoing flow of 
water. Currently, there are only six tidal power barrages operating in the world. 
This is mainly because there are not many locations that contain a significant 
difference in the area between the high and low tide to produce a decent amount 
of electricity. The largest is the Sihwa Lake Tidal Power Station in South Korea, 
with a total power output capacity of 254 megawatts (MW); the second largest (and 
oldest) is in La Rance, France, with 240 MW capacity. Other locations include the 
20 MW plant in Annapolis Royal in Nova Scotia, Canada, the 3.7 MW Jiangxia 
Tidal Power Station in China, the 1.7 MW tidal barrage in Kislaya Guba, Russia, 
and the 1 MW Uldolmok Tidal Power Station in South Korea.24 Generators can 
also be turned directly by the tidal stream, similar to the way a wind turbine uses 
the flow of wind. The first commercial tidal-stream turbines were constructed in 
2007 at the Strangford Lough in Northern Ireland. The project comprises two 600 
kilowatt turbines; it produced 5 gigawatts of power between 2008 and 2012.25

Waste reduction – reduce, reuse, recycle, recover

If we revisit the symbiotic relationship between producers, consumers, and decom-
posers in the natural world, we can begin to see the contrast between the ways 
humans and nature handle waste. In nature, waste is recycled as food; in the human 
or “built” environment, waste is merely an end product that stockpiles into pollu-
tion, which ultimately disrupts the health and nutrient cycle in our communities. 
In order to reduce waste and restore balance, the four Rs – reduce, reuse, recycle, 
and recover – can be employed at both personal and industrial levels.

Reduce

According to the World Economic Forum, each person is currently producing an 
average of 1.4 pounds (640 grams) of municipal solid waste per day; worldwide, this 
amounts to 750 million tons of solid waste per year. These numbers are expected 
to triple by 2025.26 The United States currently averages about 5.6 pounds per 
capita/per day of solid waste. The “throw-away society” is a term that has been 
coined to describe a society engaged in overconsumption of short-lived items. 
Much of this pattern is a result of consumerism and the “planned obsolescence” 
manufacturing strategies in which products are designed to last for only short periods 
of time so that consumers are forced to replace them. I recently upgraded an iPhone 
4 that I purchased in 2010 to an iPhone 6. The salesperson at the store was utterly 
shocked that I had kept the original phone working for six years and that I was able 
to tolerate the slowness of its system due to more memory-intensive apps. In the 
auto industry, if you can get 50,000 miles out of a car without any major repairs, 
you have essentially “beaten the system.” In many cases, you will hear that it costs 
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the same (or even more) to repair something as it does to buy a new one. This is in 
part due to the outsourcing of manufacturing to countries where labor costs are 
cheaper than where we bring items for repair in the United States. And in the digital 
age, this consumerism is worse than ever. With the pace of technological change, 
computers, cameras, phones, operating systems, software, and hardware all become 
quickly outdated and, like my iPhone 4, simply slow down or stop functioning 
altogether. The paradox is that capitalism and production are needed for a healthy 
or “sustainable” economy, but the sheer amount of production and subsequent 
waste degrades the physical environment and requires management, which in turn 
ultimately hinders the economy.

Indeed, there is a delicate balance. If everything lasted forever, how would 
companies make any money unless they charged a fortune for said infinite product? 
But at the same time, if the product doesn’t last long enough, will consumers  
keep buying the same brand? Believe it or not, people do have the power to  
forge a change in the way products are manufactured. For example, consider  
the product reviews that are now almost ubiquitous on online marketplaces. Prior 
to the internet, such reviews were confined to a select group of magazine and 
newspaper product testers. But we are all reviewers now. Granted, this leaves room 
for bogus or biased comments, but, overall, it has led to a level of transparency in 
the marketplace that simply did not exist in the past. If a product is bad, that fact 
quickly becomes known, and this forces a competition for better-quality products. 
Higher quality equals longer lifespan, which equals less frequent waste. Although 
more durable, longer-lasting items may be more expensive initially, the consumer 
has the choice to weigh this investment against the longer lifespan.

In addition to reducing their carbon footprint and amount of municipal solid 
waste, companies can also save money by reducing packaging. Although much  
of this is a “less is more” design challenge, another option is to use biodegradable 
packaging derived from renewable raw materials that will completely decompose  
in a composting area. Such bioplastics are often made from polyactic acid (PLA), 
derived from corn starch, tapioca roots, or sugar cane. Public policy can also have 
an impact on reducing packaging. In 1991, Germany passed a packaging ordinance 
known as VerpakV that obliges manufacturers and distributors to take back used 
sales packaging from consumers and send it to be recycled.

Another effective way to reduce waste is to charge households, industries, and 
businesses for the amount of waste they dump. Such programs are often referred to 
as unit-pricing or pay as you throw (PAYT) programs, which differ from the more 
conventional fixed-fee waste disposal costs. Unit-pricing creates a financial incentive 
to throw away less waste. Data has shown that PAYT communities reduce their 
waste by 14 to 27 percent and increase recycling by 32 to 59 percent.27

Reuse

Growing up in the 1980s, hand-me-downs were always viewed as kind of lame . . . 
especially when you are the youngest boy with older sisters or the youngest girl with 
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older brothers. However, in the new millennium, this paradigm is changing. Retro 
and vintage are now considered “cool.” In the past 20 years, there has been a resur-
gence in antique stores, thrift shops, and used-clothing stores. Online trading/selling 
sites and forums such as ebay, Craigslist, and Front Porch Forum have made it  
easier for people to resell or give away items they no longer want. Television shows 
such as American Pickers and Antiques Roadshow have piqued people’s interest  
in hunting for treasures. Indeed, one person’s trash is another person’s treasure. In 
addition to reusing something as intended, items can also be repurposed with an 
entire different use. In several locations throughout the world, people have con-
verted old cars into rolling grills and started mobile catering companies. Green 
Mountain Ski Furniture in Stowe, Vermont uses old skis to construct its tables, 
chairs, benches, and racks. Indeed, the possibilities are endless: old tires can be con-
verted into playgrounds or garden planters; ladders can be made into bookshelves; 
old television sets can be turned into aquariums; doors can be used as tables; old card 
catalogues can be used for hardware storage; CD cases can be coasters; old bottles 
can be light fittings; crates can become shelves; bathtubs can become couches; and, 
as discussed in Chapter 10, building materials can be repurposed and buildings 
themselves can be adapted for new functions. Any sort of reuse is better than an 
item ending up in a landfill.

Recycle

Recycling is similar to reuse but the material is collected at the curbside or at drop-
off locations and sent to a treatment center where it is sorted, cleaned, melted  
down, and remolded into a new item. According to the U.S. Environmental 
Protection Agency, Americans recycled about 34.3 percent of their total municipal 
solid waste in 2013 (87 million tons recycled out of 254 million tons of trash 
generated). Of this, 27 percent was paper and paperboard, 28 percent yard trimm- 
ings and food, 13 percent plastics, 9 percent metals, 9 percent rubber, leather, and 
textiles, 6 percent wood, 5 percent glass and 3 percent miscellaneous materials.28 
Many communities have evolved from systems that required sorting to combined 
systems where all waste material (paper, glass, plastic, metal) can be put in one 
container. This makes it easier to recycle and easier to haul away than sorting 
systems, and thus has the potential to increase overall participation and efficiency.

Recover

In some cases, waste can be converted into energy. One of the simplest ways  
to convert waste into energy is through composting organic materials, such as  
plants, leaves, grass clippings, fruit and vegetable scraps, wood ash, coffee grounds,  
and shredded paper, to name a few. Materials have varying degrees of carbon and  
nitrogen – to allow for enough oxygen, a ratio of two-thirds carbon to one- 
third nitrogen is recommended. Compost can be put into piles or into containers  
or “tumblers.” In both cases, it is essential to aerate the material, either through tilling 
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the pile or rotating the container. Layering dry and wet material also allows  
oxygen to penetrate and nourish the pile. In addition to oxygen, microbes in  
the soil and detritus feeders such as worms and grubs decompose the organic  
material and reduce the waste volume into a humus-like material that can fertilize 
and regenerate the soil.

Waste can also be converted into fuel through the process of anaerobic digestion. 
Animal manure is put into a sealed chamber (often referred to as a methane digester), 
diluted with water, and sits at 101 degrees Fahrenheit for 21 days. The absence of 
oxygen allows anaerobic bacteria to break down the organic material into methane, 
carbon dioxide, and water. The methane is then extracted and combusted to generate 
electricity or refined to produce biomethane, which is comparable to natural gas. 
The solid waste that is left over is used as bedding for animals or to fertilize soil. The 
United States currently has 250 farms with operational biogas recovery systems.  
The U.S. Environmental Protection Agency estimates there are 8,000 farms  
across the country large enough to make a biogas recovery system viable – that’s 
enough energy to power over a million homes and reduce emissions equivalent to 
taking 4 million cars off the road.29

Natural, biological processes can also be used to break down human waste on 
site, which is less expensive, less energy intensive, and less physically invasive than 
conventional septic systems or municipal wastewater treatment plants. A conven-
tional on-site wastewater treatment system usually consists of an underground  
septic tank to decompose the waste and a leach field with gravel-lined trenches to 
distribute the wastewater. Engineered mounds can also be used in soils that are  
too permeable or too impermeable; such systems usually have a dosing chamber 
between the septic tank and the mound that distributes the effluent to the mound 
at a metered rate. The septic tank collects waste from the building and uses anaero-
bic bacteria to decompose organic solid material known as “scum” that floats to the 
top of the tank. The by-product of the scum digestion – known as “sludge” – sinks 
to the bottom of the tank. The gray water between the scum and the sludge is then 
released into the leach field, where soil microbes further break down bacteria, 
viruses, and nutrients. The sludge needs to be periodically removed from the tank 
or else it will overflow and either flood the leach field and/or back up into the 
building. Leach fields also can clog with age due to reduced soil percolation  
rates from the buildup of bacteria under the drainage trenches. Where soil condi-
tions and/or lot size are unable to accommodate the leach field, aerobic septic 
systems can be used to produce a high-quality secondary effluent that can be spread 
across surfaces. Although designs can vary, aerobic systems usually consist of a  
pre-treatment tank to remove solid materials that bacteria cannot break down,  
an aerobic unit that contains an aeration chamber that mixes air with wastewater,  
a settling chamber for sludge, and a disinfection chamber/unit that uses chlorine  
or ultraviolet radiation to produce a sterile effluent which may be required if the 
effluent is distributed on the surface rather than underground in a drain field.

Constructed wetlands, biofilters, and plants can also be used in conjunction with 
conventional on-site wastewater treatment systems. Professor John Todd, a pioneer 

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



Ecological design, energy, and waste 45

in the field of ecological design, developed the Eco-Machine™ that cleans water 
by mimicking biological processes. According to John Todd Ecological Design:

An Eco-Machine™ can be a tank based system traditionally housed within a 
greenhouse or a combination of exterior constructed wetlands with Aquatic 
Cells inside of a greenhouse. The system often includes an anaerobic pre-
treatment component, flow equalization, aerobic tanks as the primary treatment 
approach followed by a final polishing step, either utilizing Ecological Fluidized 
Beds or a small constructed wetland. The size requirements are entirely 
dependent on the waste flow, usually determined during our preliminary 
engineering phase and site visit.30

Todd’s design is currently employed at the Omega Center in Rhineback, New 
York, on Moskito Island in the British Virgin Islands, in the city of South Burlington, 
Vermont, at the Darrow School in New Lebanon, New York, and at the Vietnam 
Veterans’ Memorial Rest-stop in Sharon, Vermont. In 2012, one of Professor 
Todd’s students, Matt Beam, designed and built an Eco-Machine in the Aiken 
Center at the University of Vermont as part of his master’s thesis. The system 
contains a series of cascading translucent tanks full of bacteria, algae, plants, 
invertebrates, and fish that naturally treat the wastewater and recycle it for flushing 
toilets. Each semester, a group of student interns analyze the performance of the 
system.

Dealing with waste is something most of us usually do not think about. We 
throw things in the garbage, flush the toilet, and put items out on the curb, then 
they are magically out of sight, out of mind. On-site composting and wastewater 
treatment force people to see and deal with their waste first-hand, which fosters a 
tighter connection to the ecology of the site. When people see the amount of waste 
they generate, they often become more inclined to reduce it. Stormwater is  
another element that most people do not pay much attention to – that is, until it 
causes flooding, beach closures, water pollution, or even floating sewage in the case 
of combined sewage overflows (CSOs). Capturing stormwater with green 
infrastructure will be covered in detail in Chapters 6, 7, 8, and 9.
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4
LAND CONSERVATION  
AND PRESERVATION

KEY POINTS

➣	 Regional and/or municipal master plans can ensure that land is conserved 
and/or preserved.

➣	 Land conservation balances the needs of people and nature; land preserva-
tion prioritizes the permanence of a species or system regardless of 
functionality.

➣	 Conservation easements are portions of land either purchased or donated 
from landowners.

➣	 Landowners can voluntarily donate easements to municipalities or non-
profit agencies for tax credit; the landowners retain ownership, but give 
up development rights.

➣	 When easements are not donated, agencies, municipalities, or non-profit 
agencies can negotiate a purchase of development rights (PDR) with the 
landowner.

➣	 State and local zoning regulations can control growth and conserve/
preserve open space.

➣	 Vermont’s Act 250 permitting process is a stringent, comprehensive review 
process that prevents irresponsible development.

➣	 Regional governance can ensure that individual jurisdictions conform to a 
regional master plan.

➣	 Oregon’s regional “Metro” governance has implemented urban growth 
boundaries around all its metropolitan areas to control growth patterns 
and prevent the development and consumption of farmland and forests.

It would be remiss not to discuss land conservation and preservation at this point, as 
both should always be considered prior to any project and/or should be integrated 
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in both local and regional master plans and zoning regulations to ensure open space 
is not consumed by irresponsible patterns of development. Conservation is also  
a “preventative” strategy in protecting land and natural resources as opposed to  
the “regenerative” strategies discussed in the subsequent chapters of this book. 
Conservation and preservation are slightly different strategies but often work together 
to achieve the common goal of sustaining species and ecosystems. The Nature 
Conservancy describes land conservation as “balancing the needs of people and 
nature.”1 Therefore, conservation does not prohibit human interaction with  
or use of the land, but rather strives to manage the use so it does not exceed the 
capacity of the land. Preserving land, on the other hand, focuses on ensuring  
the permanence of a species or system regardless of their potential functionality.  
Such preserved land is designated “wilderness,” as defined by the Wilderness Act  
of 1964, which prohibits commercial enterprise, permanent roads, motor vehicles, 
motorized equipment or motorboats, aircraft, and permanent structures. The act 
does permit activities that existed on the land before it was designated a wilderness, 
such as grazing, mineral extraction, and timber harvesting, but bans such activities 
on newly designated areas. When the act was initiated, 54 areas comprising 9.1 
million acres in 13 states were designated wilderness and integrated into the National 
Wilderness Preservation System; currently, there are 762 areas comprising roughly 
109 million acres across 44 states and Puerto Rico, managed by the National Park 
Service, the Bureau of Land Management, the U.S. Fish and Wildlife Service, and 
the U.S. Forest Service. This comprises about 5 percent of the total land area of the 
United States.2

In 1965, Congress also created the Land and Water Conservation Fund (LWCF) 
with bipartisan commitment to safeguard natural areas, national parks and forests, 
water resources, cultural heritage, and recreation opportunities. The LWCF uses 
revenue from offshore oil and gas drilling to support the fund. The LWCF also pro-
vides matching grants to state and tribal governments for the acquisition and devel-
opment of public parks and recreation areas. Since 1965, there have been 41,999 
projects, $3.9 billion in funding, and over 2.37 million acres protected.3 Although 
the fund has been susceptible to partisan politics and diverted in times of economic 
recession, the data shows that the land conserved has had a positive economic impact 
in nearly every county in the United States. It is estimated that for every dollar spent 
on the LWCF, communities receive $4 of economic benefit. Recreation areas have 
also created over 880,000 jobs.4

The debate between conservationists, preservationists, and private landowners 
over the most effective way to manage land can be dated back to the early twentieth 
century, when forester Gifford Pinchot led the conservation movement and 
naturalist John Muir led the preservation movement. Both agreed that land had its 
limits, but Pinchot favored an approach that generated more economic benefit – 
“for the greatest good for the greatest number over the greatest period of time” – 
while Muir favored an approach that fully preserved all of the natural elements  
of an ecosystem with minimal human impact. This debate continues today, and 
some groups feel neither approach is truly sustainable. For example, national parks 
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and national wildlife refuges, which fall somewhere between conservation and 
preservation, have the intent to protect areas of scenic or ecological significance 
while also providing public access. However, as the number of visits to such areas 
continues to increase, these goals are often seen as antagonistic. As Bill Bryson states 
in his book A Walk in the Woods:

The National Park Service has somewhat of a tradition of making things 
extinct . . . and, in fact, mostly what the Forest Service does is build roads. 
There are 378,000 miles of roads in America’s National Forests with the main 
purpose of allowing private timber companies to get to previously inaccessible 
stands of trees.5

The U.S. Forest Service did adopt a policy known as “ecosystem management”  
in the 1990s based on newer, more sustainable approaches to forestry management 
that emphasize ecological health over log harvesting. However, it will take many 
years to reverse the damage already done during a long history of irresponsible 
forestry management.

Conservation and preservation initiatives require either the direct acquisition  
of land through outright purchase or donation or the negotiation of easements with 
landowners. Acquisitions are usually conducted by state or federal governments, 
universities, or local or national non-profit land trusts. Since public funding is 
usually limited, land trusts are often better suited and more prepared to negotiate 
with private landowners. For example, the Land Trust Alliance currently represents 
more than 1,100 land trusts, supported by more than 5 million people across the 
United States.6

If the outright purchase of a property is out of the question, conservation ease-
ments and development rights can be negotiated with landowners. In a conservation 
easement, the landowner voluntarily gives up specific rights with respect to how 
the land will be developed but retains ownership and use of the land. Most conser-
vation easements are donated by the landowner, making them eligible for tax 
credits. Easements are also permanently attached to the property (in perpetuity), 
which protects the land even if it is sold in the future. If land is not donated, states, 
communities, and land trusts may attempt to negotiate a purchase of development 
rights (PDR) with the landowner, where public or private funds are used to pur-
chase the land’s development rights. As with conservation easements, the ownership 
remains with the private landowner. The cost of development rights is based on an 
appraisal and is the difference between the fair market value of the land without the 
easement and its value as restricted by the easement. This situation can be a win–win 
for both communities and landowners – the latter are compensated but retain  
ownership of their land, while the former are able to obtain open space to protect 
wildlife, preserve agriculture, and manage growth. Funds are often generated by 
private donations, grants, state/federal appropriations, lotto revenue, or bonds. 
Bonds that are voted on for open space/land conservation have shown high success 
rates in recent times.
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According to Planners Web:

between 1999 and 2002, 544 successful state and local ballot measures 
generated approximately $16.7 billion in funds for land conservation programs. 
In 2003, voters approved an additional 99 measures with a total value of $1.3 
billion. Overall, between 75 and 80 percent of initiatives and referendums 
that raise taxes or fees for land conservation have passed.7

The state of Vermont has been a leader in conservation and preservation efforts  
since the 1960s. In 1960, the Vermont chapter of the Nature Conservancy was 
started by two professors from the University of Vermont – James Marvin and Hub 
Vogelmann – who began purchasing and preserving environmentally sensitive  
land across the state. The Vermont Natural Resources Council was established in 
1963, and the Vermont Land Trust in 1977. Since its establishment, the latter has 
permanently conserved more than 1,775 parcels of land covering more than 535,000 
acres, or about 8 percent of the private, undeveloped land in the state. This 
conserved land includes more than 775 working farms, hundreds of thousands of 
acres of productive forest land, and numerous parcels of community land.8

At the state level, Vermont’s Land Use and Development Act (Act 250) was 
officially signed into law by Governor Deane Davis in 1970. The law created nine 
District Environmental Commissions to administer the law and “provide a public, 
quasi-judicial process for reviewing and managing the environmental, social and 
fiscal consequences of major subdivisions and developments in Vermont.”9 Before 
granting a permit, the District Commission must ensure that the development or 
subdivision meets the following ten criteria:

 1. Will not result in undue water or air pollution.
 2. Has sufficient water available for the needs of the subdivision or development.
 3. Will not unreasonably burden any existing water supply.
 4. Will not cause unreasonable soil erosion or affect the capacity of the land to 

hold water.
 5. Will not cause unreasonably dangerous or congested conditions with respect to 

highways or other means of transportation. As appropriate, will incorporate 
transportation demand management strategies and provide safe access and 
connections to adjacent lands and facilities and to existing and planned pedestrian, 
bicycle, and transit networks and services.

 6. Will not create an unreasonable burden on the educational facilities of the 
municipality.

 7. Will not create an unreasonable burden on the municipality in providing 
governmental services.

 8. Will not have an undue adverse effect on aesthetics, scenic beauty, historic sites, 
or natural areas, and will not imperil necessary wildlife habitat or endangered 
species in the immediate area.

 9. Conforms with the Capability and Development Plan, including the following 
considerations: the impact the project will have on the growth of the town or 

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



52 Land conservation and preservation

region, primary agricultural soils, productive forest soils, earth resources, 
extraction of earth resources, energy conservation, private utility services, costs 
of scattered developments, public utility services, development affecting public 
investments, settlement patterns.

10. Conforms with any local or regional plan or capital facilities program.10

According to Elizabeth Courtney and Eric Zencey in their book Greening Vermont: 
The Search for a Sustainable State:

Over time, the Act 250 review process has approved 98 percent of the permits 
that have come before it – though the vast majority of those permits were for 
projects whose design was amended and improved in the permitting process. 
The law didn’t put a halt to development, but it gave the people of the state, 
through its processes and criteria, a strong voice in setting limits and conditions.11

Indeed, zoning regulations are an effective way to conserve land and implement 
green infrastructure. Both traditional zoning (Euclidean zoning) and form-based 
zoning can restrict or foster certain types of development, preserve open space, and 
limit densities. However, zoning codes can be amended or completely changed 
depending on socio-economics and political pressure from the community. Such 
pressure also varies between jurisdictions, ultimately resulting in community master 
plans that are not regionally coordinated. Regional governance can mitigate this 
community fragmentation if regulations are imposed on the individual jurisdictions 
that require them to conform to a regional master plan. Portland’s metropolitan 
governance (discussed on the next page) is a good example of a regional body 
coordinating with local communities to guide future development.

Bolton Valley Nordic Center

The Bolton Valley Ski Resort in northern Vermont contains 1,144 acres of forested 
land that provides habitat for countless plant and animal species and houses 100 
kilometers of Nordic and backcountry ski trails for recreational use. The trails were 
cleared over 40 years ago by Gardiner Lane and a group of friends who are now 
referred to as the “Old Goats.” In 2011, news surfaced that the land was going to 
be sold to a private developer and closed to the public. Members and friends of the 
Old Goats, along with many other outdoor enthusiasts, were shocked to hear that 
this pristine wilderness might be lost for ever. Luckily, one of the Old Goats was 
(and still is) working part-time on the ski patrol for Bolton Valley. Ann Gotham, a 
full-time nurse practitioner, became the leading voice on this issue and spearheaded 
the formation of the Friends of Bolton Valley Nordic and Backcountry. She wrote 
to the potential buyer and explained the value of and connection people had with 
the land and eventually convinced them to withdraw their proposal.

Working with the Vermont Land Trust (VLT), the Friends of Bolton Valley 
Nordic and Backcountry then negotiated a price with Redstone Commercial 
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Group (the owners of Bolton Valley) of just over $1.8 million. The VLT would be 
the buyer and would eventually turn the land over to the state to be added to Mount 
Mansfield State Forest. The challenge, of course, was raising the funds. The first 
major donation came from an $800,000 grant from the Vermont Housing and 
Conservation Board. Then, over the next 15 months, the VLT received over 1,200 
donations, ranging from $1 raffle tickets to three anonymous $100,000 gifts.  
Just before the deadline, the Conservation Alliance came in with $50,000 to close 
the funding gap. As Ann Gotham said of this extraordinary accomplishment,  
“The passion to conserve this much loved parcel ignited the hearts, minds, and 
passions of a large community of people of all ages extending far past the borders of 
Vermont.” Elise Annes, Vice-President of Community Relations for the VLT,added:

Every so often a conservation opportunity comes along that is at the heart of 
what Vermonters want to hold onto . . . [B]y helping to protect the Bolton 
Nordic and backcountry land, hundreds of volunteers, donors, and supporters 
have made their wishes known – public recreation and natural habitat are a 
part of what makes Vermont special.

The VLT and the Department of Forests, Parks, and Recreation created a fund  
for the future care of this land. The state also issued a license agreement to Bolton 
Valley Resort to maintain the Nordic and backcountry trails; the Department of 
Forests, Parks, and Recreation manages the rest of the property.12

Portland, Oregon – the urban growth boundary

In Portland, Oregon, a metropolitan form of governance known as Metro has  
initiated progressive land use strategies and environmental legislation that has proven 
to be successful in fostering smart growth and sustainability. Metro works with local 
governments, businesses, environmental interests, and citizens to develop future 
settlement plans. Prior to the establishment of Metro, Governor Tom McCall 
signed Senate Bill 100 into law in 1973, which created the Land Conservation  
and Development Commission and the Department of Land Conservation and 
Development. The bill required urban growth boundaries, wise use of urban land, 
and the protection of natural resources. The first urban growth boundary was  
proposed for Portland in 1977 and eventually inherited by Metro when it  
was established by voters in 1978. Since this time, all of the cities and metropolitan 
areas in the state of Oregon have established urban growth boundaries to control 
urban expansion onto farm and forest lands.

Metro has also worked with citizens to establish a 50-year growth strategy known 
as the 2040 Growth Concept. The policies in the 2040 Growth Concept:

encourage safe and stable neighborhoods for families, compact development 
that uses land and money efficiently, a healthy economy that generates jobs 
and business opportunities, protection of farms, forests, rivers, streams and 
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natural areas, a balanced transportation system to move people and goods, and 
housing for people of all incomes in every community.13

Such regional cooperation and sustainable planning have also resulted in the preven-
tion of highway construction through the city and contributed to the construction 
of the 24-kilometer MAX (Metropolitan Area Extension) light rail system,  
which connects downtown Portland to the suburban community of Gresham, the 
replacement of a downtown freeway with a riverfront park (discussed further  
in Chapter 6), the introduction of trees, seats, flower planters, sculptures, lighting, 
and artwork at street level, the development of new urban residences, and extensive 
traffic calming schemes, including exclusive rights of way and the city-sponsored 
Reclaim Your Street program. Suburbs have also witnessed a reversal of urbaniza-
tion through the Skinny Streets program, where several roads have been reduced 
to 18-foot widths.

Future planning identifies nine regional centers interconnected by light rail  
links. “Since 1990, regional voters have agreed to tax themselves to fund a fourfold 
expansion of the MAX system that will create a 93-kilometer network that serves 
all quadrants of the region.”13 In addition to Metro planning, proactive public–
private master planning is under way for the western corridor of Portland. This 
initiative has been orchestrated by the 1,000 Friends of Oregon, an independent 
environmental interest group that carried out a project known as LUTRAQ (Land 
Use, Transportation, and Air Quality Study) to identify and demonstrate alternatives 
to a freeway planned through the west side. The study rearranged land use into four 
types of development, including mixed-use centers to urbanize existing downtown 
areas along planned light rail lines, urban transit-oriented developments (TODs)  
at station areas, neighborhood TODs within a short feeder bus ride of the light rail, 
and secondary areas within a mile of each center. “Overall, LUTRAQ has influenced 
west side progress since 1990, including the construction of more than 6,000 
dwellings and $230 million of mixed use development.”13

Portland has been gradually reinvented around the idea that it should be a 
human, livable, environment in which people can walk, sit, dine alfresco, be 
entertained, and find residence in housing set in attractive public environments 
– overall, the combination of enhanced transit access, human attractions, and 
extra housing, rather than more road space and parking, has improved the 
local economy by increasing from 5 to 30 percent of the metropolitan area’s 
total retail turnover.14
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THE OPPOSITE OF LAND CONSERVATION: VERMONT 
RAILWAY’S SALT STORAGE FACILITY, SHELBURNE, VT

Although this book advocates for both passenger and freight rail in subse- 
quent chapters, rail development is sometimes incongruous with the natural 
environment. As part of the 1887 Interstate Commerce Act and subsequent 
Interstate Commerce Commission Termination Act (ICCTA) of 1995, the Surface 
Transportation Board (STB) was granted authority over the rail system,  
including rates, classifications, rules, practices, routes, services, and facilities; the 
construction, acquisition, operation, abandonment, or discontinuation of rail 
lines and side tracks; and the conversion of rail rights-of-way into hiking or 
bicycling paths. This federal authority pre-empts rail transportation from  
having to comply with state and local regulations since such regulations could 
inhibit the smooth operation of a unified national rail system. Unless public 
health and safety are compromised, rail lines do not have to apply for environ- 
mental permits, such as stormwater or wetland permits governed by state  
or local laws. The Federal Railroad Safety Act (FRSA) of 1970 also includes a 
pre-emption provision that allows state and local governments to regulate  
only those matters that the Secretary of Transportation has not yet regulated.

FIGURE 4.1 Portland’s urban growth boundary

Source: Courtesy of Metro.
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For example, in CSX Transportation Inc. versus the city of Portland in 2002, the 
state attempted to impose a law limiting the duration that a crossing could be 
blocked by a train, but the court ruled that the FRSA pre-empted state and local 
laws. In addition, noise nuisance complaints from adjacent landowners are 
usually overruled since the noise limits defined in the Noise Control Act of 1972 
pre-empt state and local noise ordinances.

Indeed, state and local municipalities usually do not succeed when 
challenging the federal pre-emption provisions. In 2005, the court ruled that 
the ICCTA pre-empted Green Mountain Railway from having to go through the 
state of Vermont’s Act 250 permitting process for the construction of trans-
loading facilities on properties adjoining the rail line. In 2010, the city of 
Alexandria, Virginia tried to enforce a city ordinance regulating the transport  
of bulk materials, but the court again upheld the pre-emption stipulated in the 
ICCTA. As mentioned above, the one ace state and local municipalities may 
have up their sleeve is if they can prove that the railroad’s operation, construction, 
and so on jeopardize public health and safety. In 2000, Vermont Railway 
appealed conditions of a permit issued by the city of Burlington governing the 
operation of a salt shed. The court upheld some of the city’s permit conditions 
since they did not interfere with railway operations and were directly related to 
traffic issues and concerns with environmental contamination.

In January 2016, Vermont Railway Inc. began construction of another 
32-acre trans-modal/salt storage facility in the village of Shelburne. The 
company bypassed the state’s ACT 250 permitting process and proceeded to 
clear cut 19 acres of rare Valley Clayplain Forest on land that both abuts the 
LaPlatte River and is within the LaPlatte River Marsh, which contains 450 acres 
of continuous upland and wetland along the river from Shelburne Falls to 
Shelburne Bay in Lake Champlain. The Vermont Railway parcel also abuts 250 
acres of land and 52 acres of conservation easements that are owned and 
managed by the Nature Conservancy. In addition to two 50,000-square-foot 
salt sheds, the site will also contain a rail spur, a fuel island, fuel containment 
tanks, heavy equipment storage, office space, and parking/driveways for 30 
heavy-duty (class 8) trucks. The removal of vegetative buffers and the increase 
in impervious surface in such close proximity to the river are concerning, to say 
the least. According to the Nature Conservancy:

the land, vegetation, and trees prior to the clear-cutting was critical 
because it moderated the climate of the interior floodplain forest creating 
conditions of temperature, shade, and humidity that the floodplain forest 
requires in order to function. The loss of this buffer will reduce the 
effectiveness of the floodplain forest to support water quality, encourage 
the encroachment of invasive species into the floodplain forest, and 
decrease the abundance and diversity of plant and animals that support a 
healthy ecosystem.15
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In addition, the LaPlatte River Marsh is home to 15 species of rare or uncommon 
plant and animal species and provides habitat for deer, waterfowl, bobcats, 
mink, and otters. In their testimony to the Vermont House Committee on Fish, 
Wildlife, and Water Resources, the Nature Conservancy concluded:

At a time when we, as a state, are making significant investments in 
protecting the water quality of our lake, setting priorities for natural 
infrastructure restoration, and acknowledging the vital role of floodplain 
forests and their ecosystems, it is bewildering why a project like this could 
be allowed to move forward without sufficient environmental review.15

It is disheartening that such destruction could take place anywhere at this  
point in history, let alone in Vermont, a state with some of the most stringent 
environmental regulations in the country. The town of Shelburne filed a lawsuit 
against Vermont Railway in January 2016, but in July 2016 the U.S. District 
Court determined that federal law permits Vermont Railway to continue with 
the development. The judge did uphold the town’s ability to retain certain 
police powers to protect public health and safety. However, since Vermont 
Railway has fluctuated on its final plans, it is difficult for the town to determine 
how it will exercise those powers.

Hurricane Irene gave Vermonters a glimpse of what will become more 
commonplace in this century. Destruction from flooding and water quality 
impairment do indeed jeopardize public safety and health, not to mention 
pollution from the salt/fuel storage and noise and traffic woes. If the courts 
cannot recognize this as an imminent danger, then our system has failed. No 
person, project, company, government, or authority should be above or pre- 
empted from the “natural law” of our physical environment. As discussed in 
subsequent chapters, passenger and freight rail is indeed a vital component  
in sustainable development. However, given the complex issues our physical 
environment is facing, the degree to which rail – or any other – development 
impacts public health and safety needs to be reassessed so federal and local/
state guidelines are equally stringent and/or in sync with each other.

It is understandable that the pre-emptions are in place to ensure the viability 
of a national, cohesive rail network, especially within the track right-of-way.  
But to what degree does adjacent development impact the integrity of the rail 
operation? Is a salt storage facility really necessary for the uninterrupted opera-
tion of the rail? Are there alternative sites on previously developed land away 
from environmentally sensitive areas that could have been developed instead? 
These are questions our legislators must consider, and questions that any consci-
entious citizen should pose, irrespective of what they are “legally” allowed to  
do. In any case, Vermont Railway’s implementation and manipulation of this 
project is antithetical to the theme of this book and is included as an example
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of what not to do when conceiving a project. Even if the court ruled to halt the 
project, there is no way to restore 19 acres of trees, some over 170 years old. 
As Madeleine Connery stated during a Shelburne Selectboard meeting:

If Mr. Wulfson [president of Vermont Railway] wants to cut down the whole 
forest, he can go ahead and try; but at least I can walk out holding my head 
a little higher because I spoke up for these trees, and so can you.16

FIGURE 4.2 Trees clear cut along LaPlatte River

Source: Courtesy of Derrick Senior/Vermont United.
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5
AUTO-ALTERNATIVE 
TRANSPORTATION

A catalyst for greenspace

KEY POINTS

➣	 In order to reduce, remove, and/or regreen roadways and parking surfaces, 
we must decrease our dependence on automobiles.

➣	 Although buses and hybrid cars are more energy efficient than gasoline-
powered cars, they still contribute to roadway congestion and subsequent 
community fragmentation.

➣	 Buses and streetcars that do not operate in dedicated lanes are still 
susceptible to traffic delays and stop lights. This, combined with frequent 
stops, makes commuting times longer than equivalent car journeys and 
can thus dissuade people from using the bus.

➣	 Fixed-guideway transit, such as heavy rail, light rail, monorail, automated 
guideway transit, and magnetic levitation systems, operate on exclusive 
rights of way that can be at-grade, elevated, or underground. Commuting 
times on such services can be shorter than equivalent bus or car journeys.

➣	 The permanence of fixed-guideway systems can influence urban form by 
fostering transit-oriented development (TOD). Development can be 
clustered around stations so land between stations can be preserved.

➣	 To reduce carbon emissions, rail can be powered by hybrid diesel/electric 
locomotives or powered entirely or partly from renewable sources of 
energy. In Belgium, a 2-mile rail tunnel was covered with 16,000 solar 
panels that were used to power a portion of the system.

➣	 Rail systems often fail because of low ridership relative to the cost of 
operation. However, the failure of such systems is often the result of poor 
design. Some strategies to consider when designing and implementing a 
transit system include:
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■	 providing adequate regional connections to cultural attractions, 
public services, and other modes of public transit;

■	 establishing efficient and safe pedestrian connections with and along 
the corridor within a quarter-mile radius and effective short-haul 
connections greater than a quarter of a mile;

■	 providing appropriate frequency and headways;
■	 establishing mixed-use development at transit stations; and
■	 implementing effective marketing campaigns to promote ridership 

and activity along the corridor.

The adage “If you build it, they will come” is applicable when it comes to cars and 
roadways: if you plan for more roads, cars, and traffic, you end up with more roads, 
cars, and traffic. Indeed, the historical trend has been to widen, expand, and/or add 
lanes to existing roads in response to increasing congestion. Two lanes are expanded 
to four lanes, four to six, six to eight, and eventually the once natural landscape is 
transformed from “green to gray.” The historical theory that road expansion saves 
fuel, reduces emissions, and decreases travel times has been proven false in several 
target sites. Initially, an expanded road may alleviate some congestion, but the 
subsequent increased travel speeds lead to more frequent trips and higher fuel 
consumption. Over time, the addition of lanes also often induces more traffic, and 
the congestion and bottlenecking issues reemerge.1

The divestment of funds from road expansion and subsequent maintenance  
projects toward the implementation of alternative forms of transportation can 
reduce auto congestion and avert the need to widen roads. As a result of the  
2009 American Recovery and Reinvestment Act, $49.3 billion was allocated to  
transportation improvements. Of this, $27.5 billion was allocated to highways,  
$9.3 billion to passenger rail, $8.4 billion to transit, $1 billion to airport improve-
ments, and $98 million to the Coast Guard.2 This, coupled with emerging forms  
of alternative-fuel-propelled vehicles, should begin to pave the way for a more 
sustainable transportation network in the United States. However, as previously 
stated, even if all the cars and buses on the road become zero emission and free of 
non-renewable fuel types, the issues of congestion, road/parking expansion, imper-
meable surfaces, noise, and sprawled patterns of development would still plague our 
environment. Data compiled by the American Public Transportation Association 
shows positive correlations between public transportation and sustainable economic, 
environmental, and social factors:

Economically, public transit creates and sustains employment, saves individuals 
money, connects workers to jobs in rural areas, and increases real estate and 
development. Environmentally, public transit decreases congestion, pollution, 
and energy consumption and reduces dependence on oil. Overall, public 
transportation consumes 95% less carbon monoxide, 90% less volatile organic 
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compounds, and roughly half the carbon dioxide and nitrogen oxide per 
passenger mile as compared to vehicles. Socially, public transport provides 
freedom, opportunity, access, and mobility for all ages, abilities, and socio-
economic groups.3

Although all forms of public transit have the potential to reduce car congestion, 
modes that operate on roadways with vehicular traffic (i.e., buses and streetcars 
without dedicated lanes) are still susceptible to traffic lights, congestion, and collisions, 
which can make the commuting time more than twice that of traveling by car. 
Studies have shown that the incentive to ride the bus is generally lost due to these 
longer travel times.1 In addition, the scale and noise of buses are often not in sync 
with villages, neighborhoods, and pedestrians, which can be detrimental to human 
health, safety, and overall quality of life.

Although there will always be cases where the bus and the automobile will 
provide the most viable transport option, this book promotes the use of fixed-
guideway transit since it has a strong sense of permanence, place, and identity. 
Unlike free-moving forms of transport such as buses or cars, fixed-guideway systems 
can serve as physical determinants of spatial planning and/or as catalysts of urban 
form that can foster ecologically compatible, compact forms of development –  
also known as transit-oriented development (TOD). Such sustainable patterns of 
urban design ultimately outweigh the higher initial capital investments for fixed-
guideway systems as compared to conventional road expansion. “A primary value 
of fixed guideway transit is that it creates the pre-conditions for reversing our 
current trends toward far-flung dispersal of development; investments in it should 
be regarded as a downpayment on a more resource conserving future.”4

Fixed-guideway systems can operate on either fully exclusive rights of way 
(Category A) or semi-exclusive rights of way (Category B) and can compete with 
cars since transit speeds equal or exceed those of automobiles. This is one of the 
reasons why train travel is popular in European and Asian countries (others include 
networking, frequency, technology, high funding, and good marketing), where 
trains travel an average of 4–6 mph faster than cars.1 In addition to providing speeds 
that are competitive with (or better than) those of the personal automobile, the 
exclusive rights of way provided by fixed guideways – whether at-grade, elevated, 
or underground – can also provide dedicated routes for pedestrians and bicycle 
lanes, which themselves can be crucial components in revitalizing communities.

Fixed-guideway systems

Various criteria are used to classify transit systems, including right of way category, 
system technology, propulsion, speed, size, weight, capacity, and scale of service. 
This book will focus primarily on fixed-guideway rail systems with exclusive or 
semi-exclusive rights of way for the reasons mentioned above, and will include light 
rail transit (LRT), heavy rail transit (HRT; or rapid rail transit – RRT), automated 
guideway transit (AGT), monorail, and magnetic levitation/pneumatic-tube 
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systems. It will also include a discussion of some hybrid rail and solar-powered rail 
technologies.

Light rail transit

Light rail transit (LRT) is essentially an upgraded version of the streetcar with 
increased speed and capacity and the ability to operate at-grade, underground, or 
elevated. Although LRT can run on streets, it is usually constructed on exclusive 
or semi-exclusive rights of way (Categories A and B) and is usually powered by 
overhead wiring rather than the third-rail systems favored by heavy rail transit. 
Although costlier, underground and elevated systems permit higher speeds (up to  
75 mph) compared to at-grade systems mixed with auto traffic, which average only 
12–30 mph.5 The lightweight vehicles permit higher rates of acceleration and more 
efficient deceleration from high speeds with less power consumption and degradation 
as compared with heavy rail transit. LRT is generally composed of two–four-axle, 
hinged vehicles that operate on steel wheel/steel rail or rubber tire/concrete rail 
technologies. Vehicles can accommodate 260–520 passengers, resulting in capacities 
of up to 11,000 passengers per hour per direction for four-car trains running as 
closely as three minutes apart, or up to 20,000 passengers per hour per direction 
with headways of 90 seconds or less.6 Although at-grade systems are the most cost-
effective form of LRT, slow speeds and interference with other modes of transport 
can lead to increased congestion and longer headways. If constructed at-grade along 
streets, tracks can be placed on medians and preferential signal timing can be granted 
at intersections. As compared to AGT and monorail systems, elevated LRT requires 
larger infrastructure and produces more noise. Light rail transit is generally less 
expensive than heavy rail transit and is often applicable in small to medium-sized 
metropolitan areas.

TABLE 5.1 Light rail transit systems: United States

System Location Trains in operation 
(average weekday)

Track mileage

Light rail

Baltimore Light Rail Baltimore, MD 18 57.6

Buffalo Metro Buffalo, NY 7 14.1

Dart Dallas–Fort Worth–Arlington, 
TX

49 192.0

Hudson–Bergen Light 
Rail

Newport–Hoboken–Lincoln 
Harbor, NJ

23 36.5

Link Light Rail Seattle, WA 13 38.5

Lynx Charlotte, NC/SC 7 9.3

MAX Light Rail Portland, OR/WA 52 104.1

(continued)
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System Location Trains in operation 
(average weekday)

Track mileage

MBTA Light Rail Boston, MA/NH/RI 74 78.0

Metro Light Rail Phoenix–Mesa, AZ 13 43.0

Metro Light Rail Minneapolis–St. Paul, MN/WI 11 29.5

Metro Link St. Louis, MO/IL 29 96.3

Metro Rail Houston, TX 12 18.2

Metro Rail Light Rail Los Angeles–Long Beach–
Anaheim, CA

59 135.8

Muni Metro San Francisco–Oakland, CA 114 68.2

Newark Light Rail Newark, NJ 14 13.9

RTA Cleveland, OH 13 33.0

Sacramento RT Light 
Rail

Sacramento, CA 16 75.1

San Diego Trolley 
(SDMTS)

San Diego, CA 31 102.6

The Ride Light Rail Denver–Aurora, CO 41 94.0

The T: Pittsburgh 
Light Rail

Pittsburgh, PA 28 51.2

The Tide Light Rail Virginia Beach, VA 6 7.4

TRAX Salt Lake City–West Valley 
City, UT

27 106.1

VTA Light Rail San Jose, CA 29 79.6

Streetcar

River Rail Streetcar Little Rock, AR 3 3.5

F-Market and 
Wharves Streetcar

San Francisco–Oakland, CA 24 21.7

Teco Line Streetcar Tampa–St. Petersburg, FL 3 3.5

New Orleans Streetcars New Orleans, LA 24 18.6

TRIMET (Portland 
Streetcar)

Portland, OR/WA 11 14.8

SEPTA Trolley Lines Philadelphia, PA/NJ/DE/MD 126 217.3

MATA Trolley Memphis, TN/MS/AR 10 10.5

M-Line Trolley Dallas–Fort Worth–Arlington, 
TX

3 3.7

Seattle Streetcar Seattle, WA 2 2.7

Seattle Streetcar King 
County

Seattle, WA 3 2.6

Downtown Trolley 
(Kenosha Streetcar)

Kenosha, WI/IL 1 1.9

Source: American Public Transportation Association.3

TABLE 5.1 Light rail transit systems: United States (continued)
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Heavy rail transit

For the purposes of this book, heavy rail systems include both underground, rapid 
rail transit (RRT or metros) found in dense, urban areas, commuter rail systems  
that link outlying areas to the periphery of the city, and regional rail lines that span 
between cities/states/countries. Within cities, heavy rail systems are often referred 
to as “subways” or “undergrounds” since they are usually constructed below grade. 
RRT/metro systems usually have up to eight vehicles per train that house 800–
1,600 passengers; they can transport roughly 22,000 passengers per hour per line 
and have maximum speeds between 50 and 60 mph.5,6 As Robert Cervero points 
out in his book The Transit Metropolis: A Global Inquiry, “The relationship of  
heavy rail transit to dense, urban areas is symbiotic: the cities could not survive 
without the rail and the rail could not be sustained without very high population 
densities.”6 In comparison, commuter rail lines are usually 25–50 miles long, have 
up to 12 vehicles per train that can house 2,000 passengers and transport up to 
48,000 passengers per hour per line, and have maximum speeds of 50–80 mph.5,6 
RRT is usually powered by an electrified third rail, thus the underground alignments 
are ideal since it is easier to keep pedestrians off the tracks. When third-rail systems 
run at-grade, fencing must be installed. Commuter and inter-city rail, on the other 
hand, is usually powered by diesel or hybrid diesel–electric locomotives.

TABLE 5.2 Heavy rail rapid transit systems: United States

Heavy rail system Location Trains (average 
weekday)

Track mileage

Alternativa De Transporte 
Integrado/ATI (PRHTA)

San Juan, PR 8 25.5

Chicago Transit Authority (CTA) Chicago, IL/IN 146 287.8

Greater Cleveland Regional Transit 
Authority (GCRTA)

Cleveland, OH 10 41.9

Los Angeles County Metropolitan 
Transportation Authority DBA: 
Metro (LACMTA)

Los Angeles–Long 
Beach–Anaheim, CA

13 34.1

Maryland Transit Administration 
(MTA)

Baltimore, MD 9 34.0

Massachusetts Bay Transportation 
Authority (MBTA)

Boston, MA/NH/
RI

56 108.0

Metropolitan Atlanta Rapid Transit 
Authority (MARTA)

Atlanta, GA 25 103.7

Miami/Dade Transit (MDT) Miami, FL 19 58.3

New York City Transit (NYCT) New York–Newark, 
NY/NJ/CT

574 829.9

Port Authority Trans/Hudson 
Corporation (PATH)

New York–Newark, 
NY/NJ/CT

38 43.1

(continued)
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Heavy rail system Location Trains (average 
weekday)

Track mileage

Port Authority Transit Corporation 
(PATCO)

Philadelphia, PA/
NJ/DE/MD

14 38.4

San Francisco Bay Area Rapid 
Transit District (BART)

San Francisco/
Oakland, CA

62 267.6

Southeastern Pennsylvania 
Transportation Authority (SEPTA)

Philadelphia, PA/
NJ/DE/MD

55 99.8

Staten Island Rapid Transit 
Operating Authority, DBA: MTA 
Staten Island Railway (SIRTOA)

New York–Newark, 
NY/NJ/CT

11 31.7

Washington Metropolitan Area 
Transit Authority (WMATA)

Washington, DC/
VA/MD

132 269.8

Source: American Public Transportation Association.3

TABLE 5.2 Heavy rail rapid transit systems: United States (continued)

TABLE 5.3 Commuter rail systems: United States

Commuter rail system Location Trains (average 
weekday)

Track mileage

Altamont Corridor Express (ACE) Stockton, CA 4 90

North County Transit District 
(NCTD)

San Diego, CA 4 101

Peninsula Corridor Joint Powers 
Board DBA: Caltrain (PCJPB)

San Francisco–
Oakland, CA

20 136.7

Southern California Regional Rail 
Authority DBA: Metrolink 
(METROLINK)

Los Angeles–Long 
Beach–Anaheim, CA

37 655.8

Connecticut Department of 
Transportation (CDOT)

Hartford, CT 6 106

South Florida Regional 
Transportation Authority 
(TRI-RAIL)

Miami, FL 10 152.2

Northeast Illinois Regional 
Commuter Railroad Corporation 
DBA: METRA Rail (METRA)

Chicago, IL/IN 141 1206.1

Northern Indiana Commuter 
Transportation District (NICTD)

Chicago, IL/IN 14 130.4

Massachusetts Bay Transportation 
Authority (MBTA)

Boston, MA/NH/RI 63 711.5

Maryland Transit Administration 
(MTA)

Baltimore, MD 28 471

Northern New England Passenger 
Rail Authority (NNEPRA)

Portland, ME 3 142.6
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Commuter rail system Location Trains (average 
weekday)

Track mileage

Metro Transit Minneapolis–St. Paul, 
MN/WI

4 69.1

New Jersey Transit Corporation (NJ 
TRANSIT)

New York–Newark, 
NY/NJ/CT

131 868

Rio Metro Regional Transit District 
(RMRTD)

Albuquerque, NM 7 111.1

Metro-North Commuter Railroad 
Company DBA: MTA Metro-North 
Railroad (MTA–MNCR)

New York–Newark, 
NY/NJ/CT

143 808

MTA Long Island Rail Road (MTA 
LIRR)

New York–Newark, 
NY/NJ/CT

113 701.1

Pennsylvania Department 0f 
Transportation (PENNDOT)

Philadelphia, PA/NJ/
DE/MD

4 144.4

Southeastern Pennsylvania 
Transportation Authority (SEPTA)

Philadelphia, PA/NJ/
DE/MD

80 610

Regional Transportation Authority 
(RTA)

Nashville–Davidson, 
TN

2 33

Dallas Area Rapid Transit (Dart) Dallas–Fort Worth–
Arlington, TX

6 55.3

Utah Transit Authority (UTA) Salt Lake City–West 
Valley City, UT

9 119.8

Virginia Railway Express (VRE) Washington, DC/
VA/MD

32 174.5

Central Puget Sound Regional 
Transit Authority (ST)

Seattle, WA 10 158.9

Source: American Public Transportation Association.3

Automated guideway transit

The American Society of Civil Engineers (ASCE) defines automated people movers 
(APMs) – which are also often referred to as automated guideway transit (AGT) – as 
a guided transit mode that is fully automated and features vehicles that operate on 
guideways with exclusive right of way.7A Boston-based organization called Trans-
21 further delineates APMs on the basis of their specific use and scale:

People movers of architectural scale are those built by private entities within 
one property line, essentially as horizontal elevators to serve airports, 
amusement parks, hotel complexes, recreational areas, casinos, museums, 
science parks, and medical centers, generally with no fees. People movers of 
metropolitan scale are regional metro systems which are both owned and 
operated by public transit authorities, and for which fares are invariably 
charged. A third, intermediate category, people movers of institutional scale, 
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are owned and operated by universities or corporations in controlled 
environments, and, similar to metropolitan systems, generally charge fares.8

FIGURE 5.1 Buffalo Metro light rail transit, powered by overhead wiring, operates at- 
and below-grade

There is a variety of APM antecedents dating back to the mid-nineteenth century, 
and in general they can be classified as discontinuous, semi-continuous, or continuous 
systems. Within these categories, APMs may be further delineated by guideway/
vehicle relationship, including vehicles that are suspended, bottom supported, or side 
supported; suspension systems, including steel wheel on rail, polyurethane, rubber, 
or pneumatic tires, air cushions, and magnetic levitation; type of propulsion, including 
self-propelled vehicles with passive guideways and mechanically, electrically, or 
pneumatically active guideways with passive vehicles; and volume of passengers, 
including personal rapid transit (PRT), shuttle/loop transit (SLT), and group rapid 
transit (GRT).

Continuous APMs usually consist of perpetually moving walkways, guideways, 
or cable lines propelled by cables, belts, chains, or rotating wheels. The “moving 
pavement” was one of the first forms of continuous APM and can be dated back  
to 1874, when Alfred Speer proposed an elevated loop in New York City. “The 
system consisted of a series of articulated platforms running on wheels moving at  
15 mph boarded from several 6-seat trolleys running parallel with the platforms, 
which by means of a friction brake could be used for transfer.”9 In 1871, Wilhelm 
and Heinrich Retting improved on Speer’s concept for a moving plane to transport 
people with the stepped platform railway. In section, there are three stepped 
platforms with a 1–2 mph speed differential. Interchange zones contained circular 
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rotating sections in the center of the two opposite-moving tracks that facilitated 
passage from one plane to another. The concept of using parallel platforms moving 
at different speeds eventually came to fruition at a number of sites, including a loop 
at the 1893 Columbian Exhibition in Chicago, a two-speed linear system in Berlin, 
a 2-mile system at the Paris Exhibition in 1900, and a test loop built below 42nd 
Street in New York City in 1923 that consisted of three parallel moving platforms 
with an estimated capacity of 32,000 seated passengers per hour in each direction.9 

Unfortunately, the 42nd Street proposal was eventually halted in favor of the 
subway, so the “futuristic” image of a massive network of moving pavements 
inherent in the cartoon series The Jetsons would have to wait. In modern times, the 
moving pavement concept is most common in airports to connect terminals and  
in department stores that use escalators to connect multiple levels.

Semi-continuous APMs reduce headways down to 30 seconds or less by slowing 
the speed of the vehicles at stations to roughly 1 mph or less to allow passengers to 
enter or exit. Guideways may be solely or a combination of active or passive 
technologies. The most common type of semi-continuous APM runs along an active 
guideway en route, and disengages or detaches from the main line at stations to allow 
for passenger exchange. Examples of such systems are gondolas and detachable 
chairlifts at ski resorts, the Tomorrowland Transit Authority people mover at Walt 
Disney World, Orlando, the Metromover, Miami, both in Florida, the MIA people 
mover between Miami International Airport and Miami Intermodal Center, the SK 
system at Charles De Gaulle Airport, Paris, France, and the Montmartre and Laon 
funiculars, also in France.

Discontinuous APMs constitute most existing people movers and are character-
ized by self-propelled, active vehicles that run along passive guideways and come 
to complete stops at stations. Vehicles may be summoned on demand with the use 
of a push button or operate on scheduled intervals ranging from 30–90 seconds.  
In 1972, a system known as VAL (Vehicule Automatique Leger) was developed in 
Lille, France in response to a design competition launched by Matra Transport 
International (now Siemens). The VAL technology boasted a completely auto-
matic system with an unobtrusive and exclusive right of way that could offer  
frequent service at times of high traffic and still provide regular service during  
times of low traffic. The initial line was opened in 1983 and has since been extended 
from Lille north to the Belgium border. The rubber-tire technology and central 
control make headways as short as one minute and allow the system to carry about 
190,000 passengers per day.6 Sixty stations have been developed along the line,  
and these have adopted urban and architectural design guidelines that promote 
compact development, respect local heritage, and integrate with adjacent neighbor- 
hoods and communities. Other forms of mass transport were reorganized around 
the metro to ensure smooth interchange and maximum usage. The success of the 
network has influenced the development of VAL technologies in other parts of 
France (Toulouse, Bordeaux, and Orly) and abroad in the form of Jacksonville, 
Missouri’s Skyway Express, at O’Hare Airport in Chicago, Illinois, and in the 
Taipei subway.
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FIGURE 5.2 Many ski resorts have replaced continuous systems with high-speed 
detachable quads and/or gondolas, which are considered “semi-continuous” since they 
detach from the cable and slow down to allow easier boarding. This gondola at Stowe 
Mountain Resort in Vermont connects the Mt. Mansfield base with the Spruce Peak 
base. These detachable systems differ from the continuous moving chairlifts that are a 
form of cable-driven, continuous automated people movers

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



FIGURE 5.3 Top: The Montmartre funicular (Paris, France) was originally constructed 
in 1900 to transport people to the Sacré Coeur Basilica at the summit of the outlier  
of Montmartre. It was reconstructed in 1931 and 1991 and currently consists of two 
independent shuttles that run approximately 350 feet at a 35 percent incline. The 
frequency and speed of the funicular is fully automated and adjusts relative to  
the passenger demand. Bottom: The Tomorrowland Transit Authority people mover at 
Walt Disney World, Orlando, Florida, formerly known as the WEDway, is an open-air 
system using a linear synchronous motor

Sources: Images courtesy of Kelly L. Richards (top) and Dr. Kimberly A. Richards (bottom).
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Monorail

Monorail transit is characterized by rubber-tired vehicles that straddle or suspend 
from single, narrow guideways. Although monorails can be constructed under-
ground and at-grade, elevated systems are most frequently employed due to low 
installation costs, nominal operational and maintenance demand, and negligible 
impact on the environment due to ease of construction, minimal infrastructure,  
and low levels of noise. Monorails can be fully automated or manually operated and 
their capacity, speed, and headways are comparable to those of rapid rail transit 
systems. For example, the Walt Disney World monorail in Orlando, Florida has an 
average speed of 40 mph (with a maximum speed of around 60 mph) and carries 
over 150,000 people per day.10

In general, monorails are organized according to the method in which they are 
supported on the track (beam) and include straddled, suspended, and side-supported 
systems. Compared to heavy and light rail systems, monorails are generally easier to 
construct since they essentially employ a “post and beam” system with a moderate 
footprint that can be assembled with minimal disruption to street traffic, businesses, 
and residences. Monorails are also safer than heavy and light rail systems because 
they usually operate on dedicated and elevated rails that have minimal chance of 
colliding with pedestrians or traffic; the straddle-design also makes the likelihood  
of derailment extremely small. Monorails also offer more flexibility in design 
aesthetic: rails and beams can be customized to match a particular design theme, and 
the quiet, sleek operation enables them to weave through buildings and tight spaces.

Although most monorails are used as short-haul connectors at airports and 
amusement parks, several systems have been constructed for municipal transit.  
Japan seems to be taking the lead when it comes to using monorails for public transit, 
as it boasts the 11-mile Tokyo–Haneda Monorail, the 9.9-mile Tama Monorail, the 
8-mile Okinawa Monorail, the 5.5-mile Kitakyushu Monorail, and the 17.4-mile 
Osaka Monorail, which is used to connect various rail lines that fan out from the 
center of the city and will eventually encircle Osaka with over 30 miles of track.  
The system currently transports more than 100,000 passengers per day.11 Japan also 
has two suspended monorail systems, including the Chiba City Townliner, which 
is currently the longest suspended monorail in the world, at 9.6 miles, and the 
Shonan Monorail between Ofuna and Enoshima. The largest and highest-capacity 
monorail is the Chongqing Metro in China, which is roughly 50 miles (75 kilometers) 
in length and transports over 400,000 passengers per day.12

Magnetic levitation and pneumatic tubes

Developed in Lathen, Germany by Transrapid, magnetic levitation (mag-lev) 
technology uses the repulsive–attractive principles of magnetism to float trains above 
guideways with virtually no friction and negligible noise. The Transrapid design 
straddles a beam and is technically a “monorail,” but for the purposes of this book 
magnetic levitation systems are classified separately. Since there is no friction, 
extremely high speeds can be reached and maintained, meaning these systems are 
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TABLE 5.4 Prominent monorail systems throughout the world

Monorail Location Track 
mileage

System Year opened

Alton Towers Alton Towers, UK 2.0 Straddle 1987

Atlantis City Ankara, Turkey 0.3 Straddle 2012

Beaulieu Beaulieu, UK 0.9 Straddle 1974

Chester Zoo Chester Zoo, UK 0.9 Straddle 1991

Chiang Mai Zoo Bangkok, Thailand 1.2 Straddle 2005

Chongqing Chongqing, China 50.0 Straddle 2005

Ciba City Townliner Chiba City, Japan 9.6 Suspended 1988

Daegu Daegu, South Korea 15.0 Straddle 2015

Disneyland Anaheim, CA 2.3 Straddle 1959

Dortmund University Dortmund, Germany 1.9 Suspended 1984

Dusseldorf 
International Airport 

Dusseldorf, Germany 1.6 Straddle 2002

Europa Park Express Rust, Germany 1.6 Straddle 1996

Higashiyama Zoo Nagoya, Japan 1.2 Straddle 1970

Kitakyushu Kitakyushu, Japan 5.5 Straddle 1985

Las Vegas Las Vegas, NV 3.9 Straddle 2004

Malacca Malacca, Malaysia 1.0 Straddle 2010

Malaysia Kuala Lumpur, Malaysia 5.3 Straddle 2003

Miami Metro Zoo Miami, FL 2.0 Straddle 1982

Mirabilandia Ravenna 
Amusement Park 

Savio, Italy 1.2 Straddle 1999

Moscow Moscow, Russia 2.9 Straddle 2005

Mud Island Memphis, TN 0.3 Suspended 1982

Mumbai Mumbai, India 5.5 Straddle 2014

Newark International 
Airport

Newark, NJ 3.0 Straddle 1996

Oasis–Jupiter Broadbeach, Australia 0.8 Straddle 1989

Okinawa Naha/Okinawa, Japan 8.0 Straddle 2003

Osaka Osaka, Japan 17.4 Straddle 1990

Palm Jumeirah Palm Jumeirah, United 
Arab Emirates

3.4 Straddle 2009

Pearlridge Pearlridge, HI 0.3 Straddle 1976

Plaza Imperial Zaragoza, Spain 0.4 Straddle 2008

Sea World Gold Coast, Australia 1.2 Straddle 1988

Seattle Center Seattle, WA 1.0 Straddle 1962

Sentosa Express Sentosa, Singapore 1.3 Straddle 2007

Shenzhen Shenzhen, China 2.4 Straddle 1998

Shonan Ofuna/Enoshima, Japan 4.1 Suspended 1970

(continued)
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Monorail Location Track 
mileage

System Year opened

Tama Tokyo, Japan 9.9 Straddle 1998

Tokyo Disneyland Tokyo, Japan 3.0 Straddle 2001

Tokyo–Haneda Tokyo/Haneda, Japan 11.0 Straddle 1964

Ueno Zoo Tokyo, Japan 0.2 Suspended 1957

Walt Disney World Orland, FL 13.6 Straddle 1971

Window on the World Shenzhen, China 1.0 Straddle 1993

Wuppertal 
Schwebebahn

Wuppertal, Germany 8.3 Suspended 1901

Xi’an Xi’an, China 6.0 Straddle 2015

Note: This is not a complete list.
Source: The Monorail Society.11

TABLE 5.4 Prominent monorail systems throughout the world (continued)

suitable for transcontinental travel. In addition, maintenance and energy costs are 
low compared with normal rail and wheel, and systems can be designed with sharper 
turns and steeper inclines.

There are several test tracks and proposals, but currently there are only three 
operational mag-lev systems in the world: the Shanghai Mag-Lev in China, which 
spans 19 miles between Pudong International Airport and the Longyang Road 
metro station; the Tobu–Kyuryo Line (the Limino Line) in Aichi, Japan; and the 
Incheon Airport Maglev in Daejeon, South Korea. In April 2015, a test track in 
Yamanashi, Japan set the world record for a mag-lev system with a speed of 374 
mph. Japan Railways has been testing mag-lev to determine the best operational 
speed for a planned route between Tokyo and Nagoya, scheduled to begin service 
in 2027. At these speeds, the system could cut the commute between the cities to 
just 40 minutes. (It takes five hours by car.)13 Several systems have been proposed 
in the United States, including a link between Los Angeles and Nevada, a 47-mile 
link from the city center of Pittsburgh to its surrounding suburbs, a 40-mile link 
between Baltimore and Washington, D.C., and a 14.9-mile line between Orlando 
and Orange County.

There are also several proposals that utilize magnetic levitation inside vacuum 
tubes, thereby eliminating air resistance and allowing even faster speeds. ET3 Inc. 
envisions an evacuated tube transport (ETT) system in which capsules will reach 
speeds of up to 4,000 mph, which would cut the journey time from New York to 
Beijing to two hours.14 In 2014, a team at Southwest Jiaotong University in China 
built a mag-lev train with the potential to reach 1,800 mph.15 Elon Musk’s Hyperloop 
is also making progress. This 5-mile prototype along Interstate 5 in California should 
be completed by 2019. Musk’s concept is similar to the pneumatic tube system that 
is still used by many banks, where capsules float on an air cushion in low-pressure 
tubes and are propelled by compressors and induction motors.
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FIGURE 5.4 Top: Shanghai Mag-Lev – magnetic levitation with a straddled, monorail 
design. Bottom: Conceptual rendering of the Hyperloop

Sources: Images courtesy of ThyssenKrupp Transrapid/Stoiber Productions (top) and SpaceX 
(bottom).
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Solar and hybrid rail

In addition to decreasing car use, electric-powered rail also does not produce 
emissions along the route it serves. For example, the Las Vegas Monorail has:

aided in the annual removal of an estimated 1.9 million vehicle miles from 
Southern Nevada’s major roadways in 2013, reducing emissions by more than 
24 tons of carbon monoxide (CO), volatile organic compounds (VOC) and 
nitrogen oxides (NOx) over the course of the year.16

However, if the electricity is not produced from renewable sources, there is still a 
net positive output of emissions at the plant. Powering electric rail by renewable 
sources is therefore the preferred option. One way to accomplish this is to generate 
power from the rail infrastructure itself. In Belgium, a 2-mile rail tunnel on the 
Paris–Amsterdam rail line was recently topped with 16,000 solar panels by solar 
developer Enfinity. The panels will produce 3.3 GWh of electricity a year and will 
be used to power the trains and Antwerp Station.17 The power produced is 
equivalent to that needed to power 4,000 trains per year, or to power all the trains 
in Belgium for one day each year.17,18

There are also several designs for hybrid electric rail systems that, similar to 
hybrid cars, capture and store heat energy from braking and/or surplus energy from 
the primary power source that can be used later for acceleration. General Electric’s 
eco-imagination team is currently developing a hybrid diesel–electric locomotive 
that uses 10 percent less fuel and produces 10 percent fewer CO2 emissions than 
conventional diesel systems.19 Meanwhile, the Illinois Department of Transportation 
recently signed a deal with Siemens to use 32 hybrid diesel–electric trains that will 
run in Illinois, California, Michigan, Missouri, and Washington.20 Frazer-Nash 
Research has also developed Metrail, a self-powered, hybrid electric monorail that 
uses roof-mounted solar panels to supplement the on-board hybrid electric 
powertrain.

Transit-oriented development

In general, transit-oriented development (TOD) is most successful when it is 
planned and implemented before development is widespread and/or at the onset  
of regional growth. A pre-planned transit system can influence land use patterns  
by clustering mixed-use development around transit stations and conserving land 
between the stations. In Singapore, for example, a centralized planning concept 
known as the “Ring Plan” was conceived in the 1970s in response to rapid popula-
tion growth. The plan called for the configuration of high-density housing, indus-
trial sites, and urban centers in a ring around the urban core, linked together  
by a high-capacity and efficient transportation network. Each of the nodal, satellite 
towns are made up of five to seven interlocking residential neighborhoods that orbit 
a higher-order town center.
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Each neighborhood is roughly 40 hectares in size, contains some 4000–6000 
dwelling units, and has a small neighborhood center of retail shops, schools, 
and recreational facilities within a five-minute walking radius; a system of 
pedestrian walkways links precincts with neighborhood centers, and are in 
turn separated from busy roads and tied to the town center.21

The mass rapid transit (MRT) system currently has 142 stations, spans roughly 150 
kilometers (93 miles) and carries over 2 million passengers per day.22 The system 
runs underground in the dense, urban core and is elevated toward the outskirts. It 
is also complemented by several light rail and bus systems that provide feeder runs 
to the MRT stations. In the mid-1990s, roughly 30 percent of Singapore’s 
population lived within walking distance of an MRT station, 50 percent lived 
within a kilometer of the line, and 40 percent of all business and industrial areas 
were located near stations.23

Much of Singapore’s MRT success was due to the semi-autocratic government 
and centralized control over urban/regional planning and development. For example, 
many government initiatives were put in place to limit automobile usage and 
ownership, such as automobile surtaxes, road-use surcharges, vehicle quotas, and a 
series of use-related charges, including the Area Licensing Scheme, an electronic road 
pricing system, as well as high fuel taxes. All motor vehicle tax proceeds go into a 
consolidated fund and are recirculated into public development. The end result is 
that, despite having one of the highest GDPs per capita in Asia, fewer than 30 percent 
of Singaporean households own cars.24

Although this “socialist” form of governance may be difficult to enforce in other 
regions, many of Singapore’s centrally planned land use concepts can certainly be 
precedents for regional planning commissions in more “democratic” political struc-
tures. The auto-limiting measures may seem extreme, but they may become  
commonplace throughout the world in the near future, given we will run out of 
crude oil at some point in this century.

In contrast to Singapore, many regions failed to plan their rail transit before or 
during development, and post-implementation can be difficult since people have 
settled in dispersed patterns throughout the landscape. Therefore, the central 
question becomes: can new or expanded fixed-rail transit systems reverse existing 
patterns of sprawled development? There are case studies that both support and 
oppose this question. The success or failure of any given transit system and its 
subsequent impact on transit-oriented development is unique to each site and often 
dependent on population density, climate, the socio-economics of the region, 
specific development patterns, and the design characteristics of the transit system, 
the stations, and the areas surrounding them, to mention a few. In addition, the 
success of rail transit ridership and performance is dependent on people changing 
their habits of driving, which is a difficult goal to achieve, to say the least.

Some systems, such as the Champlain Valley Flyer in Vermont, which is discussed 
overleaf, were implemented but failed to attract enough ridership to cover the 
operating costs. Other systems, such as Buffalo’s light rail Metro, have decent 
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ridership but have failed to revive the city center or decrease suburban sprawl. 
However, many regions have had success with the transit system and with respect 
to the system’s ability to foster compact development. For example, successful TOD 
communities have been established in Concord, Massachusetts, surrounding the 
commuter rail station, in the village of Arlington Heights, Illinois, along Metra’s 
Union Pacific Northwest Line, and in Emeryville, California, at the transfer point 
of Amtrak’s California Zephyr service. In Concord, 20 rental apartments, as well as 
retail, office, and restaurant space, were developed along with pedestrian pathway 
improvements.25 In the village of Arlington Heights, moving the Metra station closer 
to the downtown core has resulted in over 1,500 residential units, 157,000 square 
feet of retail space, a performing arts facility, parks, and public art.24 In Emeryville, 
the reconstruction of Emery Station Plaza into a three-building, 550,000-square-
foot mixed-use residential, retail, and business complex has breathed new life into 
20 acres of former brownfield that surrounds the site.25

Examining the failure or success of a particular system can yield insights into the 
successful planning and operation of a new system. From an urban design perspective, 
several strategies can be implemented to ensure that ridership stays strong and the 
system fosters transit-oriented development. Such strategies include providing 
adequate regional connections to cultural attractions, public services, and other 
modes of public transit; establishing efficient and safe pedestrian connections  
with and along the corridor within a quarter-mile radius and effective short-haul 
connections greater than a quarter of a mile; providing appropriate frequency and 
headways; establishing mixed-use development at transit stations; and implement- 
ing effective marketing campaigns to promote ridership and activity along the 
corridor. All of these strategies are discussed here in terms of how they relate to  
the Champlain Valley Flyer in Vermont.

The Champlain Valley Flyer, Vermont26

The Champlain Valley Flyer was a 12.9-mile commuter train that ran between 
Charlotte and Union Station in Burlington, Vermont as a pilot program in response 
to a rail feasibility study conducted by the Vermont Agency of Transportation in 
1993. The initial study examined the potential for commuter rail services in three 
corridors: Burlington–Barre; Burlington–Rutland; and Burlington–St. Albans. The 
study concluded that the financial risks were too high to justify development of any 
of these corridors on a complete basis. As an alternative, the report recommended 
development of the shorter, Charlotte–Burlington segment. The capital expenses 
to improve this section for passenger travel topped out at around $15 million and 
the annual operating cost was around $2.6 million. Ridership was originally 
projected at 214,562 passenger trips annually and was expected to generate more 
than $160,000 in revenue. Instead, the train managed to attract only about 83,000 
riders annually and it generated only about $53,000 in its last year of operation.27 In 
2001, the Chittenden County Regional Planning Commission (CCRPC) conducted 
a feasibility study to extend this service another 8 miles from Burlington to Essex. 
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However, the poor performance and subsequent closure of the Flyer halted  
any extension of the line. The Champlain Valley Flyer still runs excursion trains 
between Burlington and Middlebury for special events throughout the year,  
such as for the Fourth of July fireworks and the Vermont Brewers Festival. The 
Green Mountain Flyer also runs excursion trains between Chester, Ludlow, and 
Rockingham.

Currently, Amtrak operates two regional passenger rail services in Vermont: the 
Ethan Allen Express, which connects New York City–Albany–Rutland along  
the Western Corridor; and the Vermonter, which runs from Washington, D.C. to 
St. Albans, Vermont. However, neither service travels to Burlington – the largest 
metropolitan area in the state. According to Amtrak, ridership in Vermont grew by 
5.5 percent from Fiscal Year 2011 to Fiscal Year 2012, increasing from 77,783 to 
82,086 travelers.28 More recent data from the first six months of Fiscal Year 2013 
indicates an additional 6.7 percent of growth.29 Estimates show that extending this 
service into Burlington would save money due to further projected increases in 
ridership.30 In March 2013, speeds were increased to 59 mph from Alburgh to 
White River Junction, and to 79 mph from White River Junction to Vernon due 
to rail upgrades from the American Recovery and Investment Act and contributions 
from New England Central Railroad.31 In addition, recent grant funding provided 
by the United States Department of Transportation’s TIGER (Transportation 
Investment Generating Economic Recovery) program has assisted in the Western 
Corridor Rehabilitation project, including the replacement of existing jointed  
rail with continuous-welded rail (CWR), improvements of at-grade crossings, and 
bridge upgrades that are all integral factors in both increasing freight traffic speed 
and extending the passenger rail service to Burlington. The state of Vermont 
estimates that the Ethan Allen extension to Burlington may be available by 2017.

The infrastructure improvements for the Amtrak lines, along with support  
from Vermont’s ever-growing environmentally conscious population, have sparked 
some new interest in reviving the rail as a commuter line. However, the failure  
of the original Champlain Valley Flyer still has many critics skeptical about a new 
line. In examining the design strategies introduced above, including regional  
connectivity, frequency of trains, and effective station/TOD design, several short-
comings are revealed with the original Flyer that could be addressed in the design 
of a new system.

Regional connections

One of the major shortcomings of the Champlain Valley Flyer was the lack of 
connections to other attractions and transportation hubs throughout the region. As 
mentioned earlier, the county did conduct a study to extend the line to Essex in 
2001, but this was never realized due to the poor performance of the Flyer. Although 
the Flyer was a “demonstration” project, the lack of connectivity to schools, 
colleges/universities, hospitals, village/town centers, the Burlington International 
Airport, and the Amtrak station in Essex Junction, to name a few, almost guaranteed 
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its failure. This single-line design is one of the most common problems cited for the 
failure or poor performance of a transit system. Buffalo, New York’s Metro, for 
example, encountered similar problems with funding and public support during 
construction and was also reduced to a single line. Although ridership is currently 
decent, the lack of additional or “feeder” lines has made it difficult to decrease auto-
congestion or sprawled patterns of development.

Since Vermont’s rail lines are currently being improved, with plans for an Amtrak 
service extending into Burlington, it is time to re-examine the three routes  
studied in the original Vermont Rail Feasibility Report of 1993. Figure 5.5 shows 
these three regional routes: a western line from Rutland–Middlebury–Vergennes–
Charlotte–Shelburne–South Burlington–Burlington; a northern line from  
St. Albans–Milton–Essex; and an eastern line from Barre–Montpelier–Waterbury–
Richmond–Essex–Winooski–Burlington. In addition to linking the major cities  
in Vermont, a commuter rail utilizing these routes would provide reasonable 
linkages between eight universities/colleges, including Green Mountain College 
(just south of Rutland Station), Castleton College, Middlebury College, the 
University of Vermont, Champlain College, St. Michael’s College in Colchester, 
and the Community College of Vermont in Winooski. It would also provide 
connections to Burlington International Airport, IBM in Essex Junction, the 
University of Vermont Medical Center in Burlington, and Fanny-Allen Health 
Care in Colchester.

System technologies and train frequency

In terms of the rolling stock, the Flyer (and the freight rail) currently uses self-
propelled, diesel multiple-unit rail cars equipped with a push–pull mode, thereby 
eliminating the need for large loop turnarounds. Although this technology has 
proven to be cost-effective on regional rail lines with low to medium passenger 
demand, electric light rail transit (LRT) in general is quieter, smoother, cleaner,  
has more efficient acceleration and braking mechanisms, and has lower overall 
operating costs than diesel locomotives. However, conversion to electric light  
rail would require either overhead wiring or a third rail, which would drive up 
initial investment costs. It might be more feasible to invest in future electric options 
with capital generated from the existing diesel stock, or to convert to hybrid  
diesel–electric locomotives. As it is imperative to decrease fossil fuel consumption, 
such conversion to electric trains – or, better yet, solar trains and/or electric trains 
that run on other renewable sources of energy – is inevitable.

As far as frequency of trains, several studies – such as 2009’s “Knowledge 
Corridor Passenger Rail Feasibility,” which studied portions of the Vermonter – 
have shown that increasing frequency of trains is likely to generate the greatest 
number of riders.32 The original Flyer route had two daily round trips, with plans 
to increase to as many as ten. However, as mentioned above, since the train did not 
provide viable regional connections, the demand never developed to run the service 
at maximum capacity.
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Pedestrian and short-haul connections

While the state of Vermont as a whole is less dense than the U.S. average, with 67.9 
persons per square mile compared to 87.4 persons per square mile, Chittenden 
County is relatively dense, with 291.7 persons per square mile.33 However, this high 
density is not exactly clustered in proximity to the existing rail line. Since the train 

FIGURE 5.5 Proposed commuter rail route in Vermont utilizing existing freight/
regional rail lines

Source: Data courtesy of Vermont Center for Geographic Information.
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runs along the periphery of the county, it is difficult to attract riders into the city 
center from areas that are more than a mile from the rail line, as such park and ride 
patterns would most likely take longer than simply driving directly into Burlington 
from a place of residence. Since it is difficult to move communities closer to the rail 
line, the other option is to connect remote communities more efficiently to the  
rail line using pedestrian-scaled street design within the five-minute, quarter-mile 
radius, and implementing various short-haul transit systems for neighborhoods 
greater than a quarter of a mile from a train station.

Some of the issues facing pedestrian walking networks include weather, dangerous 
street crossings, air and noise pollution from cars and trucks, and accessibility  
issues, which themselves can be exacerbated by physical disability and challenging 
terrain. Sustainable street design, which is discussed in more detail in Chapter 6, 
should always provide dedicated lanes for walking and bicycling as well as safe 
crossings over and/or under roadways. The walking and bicycling lanes should be 
connected to the transit station and can be co-located with the rails to foster further 
multi-modal transportation. Such “rails with trails” are discussed in Chapter 9.

Outside of the quarter-mile/five-minute transit station radius, more efficient 
short-haul systems need to be implemented that feed into the main transit line. The 
commuter rail should be networked with buses, trolleys, and various forms of 
automated guideway transit (AGT). As previously mentioned, fixed-guideway 
systems are preferable to free forms of transit due to their performance, reliability, 
and the sense of permanence that can influence compact development. However, 
this does not mean the bus has no place. In the current economy, it is simply not 
economically feasible to construct AGT systems to every remote point of interest 
and to every residence in a region. If bus transit is utilized, dedicated lanes – which 
can be at-grade, elevated, or underground – provide a more efficient option than 
operating buses with auto traffic. Such systems are often known as bus rapid transit 
(BRT). Alignments at-grade are usually down the center of the road to keep buses 
away from the curb, where cars park and turn. Often, cars are limited to where they 
can cross bus lanes or even prohibited altogether from turning across bus lanes to 
prevent delays in the BRT system. Some notable BRT systems have been 
implemented in Yichang, China, Belo Horizonte, Brazil, Bogata, Colombia, 
Buenos Aires, Argentina, Mexico City, Mexico, Johannesburg, South Africa, 
Pimpri-Chinchwad, India, Jakarta, Indonesia, Hartford, Connecticut, the Lincoln 
Tunnel, New Jersey, and Pittsburgh, Pennsylvania, to name a few.

Another site along the proposed line that might benefit from an automated  
guideway system is between the airport and the proposed St. Michael’s College 
Station on Route 15/College Parkway in Colchester. Given the distance (approxi-
mately 2 miles along Airport Parkway/Lime Kiln Road) and the consistent flow of 
people from the airport, a semi-continuous automated people mover at speeds in  
the region of 40–50 mph might be more appropriate than the 8–10 mph gondola 
shown in Figure 5.6.

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



Auto-alternative transportation 83

FIGURE 5.6 A conceptual rendering of a short-haul, elevated, semi-continuous 
gondola constructed down the center of US 2 (Main Street) in Burlington. The 
gondola would connect Union Station and the waterfront in Burlington to the 
University of Vermont and the University of Vermont Medical Center to the east, 
which collectively contain a large number of workers, students, and patients, all of 
whom would benefit from a connection to the regional commuter rail

FIGURE 5.7 Conceptual rendering of a short-haul automated people mover connecting 
Burlington International Airport to rail station near St. Michael’s College (multi-modal 
transit station)

Source: Map created by author; Orthophotography courtesy of Vermont Center for Geographic 
Information.
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Mixed-use development

Commuter rail lines that have failed often cite the lack of mixed-use development 
around the transit stations. The stations and surrounding communities should be 
designed as activity nodes that combine residential, commercial, and recreational 
uses. Indeed, to engage the attractions of a community, either the station needs to 
be positioned in the center of the community or mixed-use development needs  
to be planned directly around the station. This reprograms the station from being  
a mere platform for loading the train to an attraction in itself. Planning for mixed-
use development requires input from the community, politicians, and local 
businesses. Planning at the county scale, for example, might reveal specific types  
of development that would make each transit node unique. Uses in each node do 
not necessarily have to be the same, since one of the main functions of a transit line 
is to connect disparate activities. For example, one user may live in close proximity 
to one transit node, work in another, and dine/shop in another. It is therefore 
imperative that the specific activities in each node are highlighted and/or advertised 
to the community. For example, there are currently several special event excursion 
trains offered on the Champlain Valley Flyer, including a Mother’s Day express 
brunch, a train for the fireworks on the Fourth of July, and several dinner/
entertainment trains on weekends in the summer months. This “special event” 
model is a good precedent for increasing ridership on a year-round basis. If each 
node were programmed with unique activities, the demand to travel to different 
sites would increase. Working in Burlington, an evening concert in Shelburne, and 

FIGURE 5.8 Conceptual rendering of the proposed station in Figure 5.7: people mover 
connecting to commuter rail line
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FIGURE 5.9 Conceptual rendering showing how fixed-guideway transit can influence 
urban form and foster transit-oriented development/mixed-use development around a 
station
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dinner and drinks in Middlebury could all be part of a day’s adventure . . . without 
the worry or hassle of driving.

Marketing

In addition to “activity”-based marketing, there is also a need for “incentive” 
marketing to keep ridership at consistent levels. For many, the environmental 
benefit of decreasing auto congestion and fossil fuel consumption is certainly a 
sufficient motive for riding the train; unfortunately, not all people share these ideals. 
One incentive-based model that is a successful precedent is a frequent-flyer scheme, 
such as those offered by airlines and/or credit card companies. For every mile 
traveled, points can be redeemed for further travel and/or goods and services. 
Amtrak’s Guest Rewards program is similar, offering two points for every dollar 
spent on Amtrak travel. A similar model could be implemented on a commuter rail 
system and could be coordinated with Vermont businesses to stimulate the local 
economy. The ski industry might be a good one to tap in Vermont; for example, 
discounts off the price of a ski ticket/pass could be offered for every train trip.

The state could also work with local employers to provide tax incentives for 
promoting train ridership. For example, the Cook County Regional Transportation 
Authority in Illinois implemented a Transit Ridership Incentive Program (TRIP) 
that provides up to $1,700 to Cook County businesses that enroll employees in a 
pre-tax transit benefit program where commuters can purchase their transit fares 
before they are taxed, thereby lowering their taxable income. This lowers the cost 
of commuting by 30–40 percent for commuters, while employers receive $10 for 
each employee enrolled (up to a total of 50 employees) as well as $200 for an initial 
startup with five or more employees enrolled.34 Meanwhile, Chapel Hill, North 
Carolina implemented a “fare-free” system in 2002 for bus transit. This program is 
not technically free but rather “pre-paid” from property taxes and vehicle registration 
fees; the University of North Carolina also purchases passes for all of its students and 
employees. The system is credited with increasing ridership from 3 million passengers 
a year to 7 million.35

Employers can also initiate internal “challenge” programs to promote ridership.  
In 2012, the Transportation Research Center at the University of Vermont sponsored 
a program that hooked up meters on employees’ cars to measure fuel consumption. 
Simply documenting the miles per gallon persuaded many to start car-pooling  
or riding the bus. Other companies have taken this monitoring a step further and 
initiated “green challenges,” whereby employees with the lowest miles per gallon win 
prizes. One company in Vermont, NRG Systems, offers cash incentives to employees 
to purchase hybrid vehicles and/or a bicycle; they also cover all costs for buses, trains, 
and subways – even away from work.

Indeed, reducing cars and providing auto-alternative forms of transit are both 
imperative if we are to reduce the roadway and parking infrastructure discussed in 
the following chapters. As is evident throughout this book, achieving sustainability 
often relies on combining many strategies, policies, and cultural changes.
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6
ROADWAYS

KEY POINTS

➣	 Automobile numbers have grown exponentially on a worldwide basis and 
are continuing to grow.

➣	 While automobiles give us greater freedom to explore, they have also 
contributed to population dispersal and sprawled patterns of development. 
“Urban sprawl” is characterized by decaying urban centers, single-use 
zoning, low-density/non-compact development, loss of human scale, and 
large rates of land consumption.

➣	 As automobile numbers increase, the traditional response has been to 
expand roads and highways. However, history has shown that this only 
encourages more people to drive and thus increases traffic – a concept 
transportation planners refer to as “induced demand.”

➣	 Designing around the scale and speed of automobiles has fragmented our 
communities.

➣	 Roadway expansion was exacerbated by the Interstate Highway Act of 
1956. At that time, roadway construction was viewed as “progressive.” 
However, in the twenty-first century, a new paradigm has evolved that 
seeks to reduce, regreen (or cap), tunnel, and/or remove roadways to 
restore our communities.

➣	 Roadway reduction strategies include:

■	 reducing width of lanes;
■	 reducing speed limits;
■	 providing on-street parking;
■	 creating bypass roads around villages and urban centers;
■	 providing dedicated pedestrian and bicycle lanes along roads 

separated by grade, vegetation, or a guard rail; and
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■	 low-impact development, including:

•	 vegetated swales and infiltration tenches;
•	 bio-retention cells and rain gardens;
•	 curb extensions and bump-outs to reduce crossing widths and 

capture stormwater; and
•	 street trees to provide cooling, absorb water, and provide habitat 

for wildlife.

➣	 While it is easier to tunnel roadways at the start of a project, existing 
roadways can also be buried and/or “capped” with green space.

➣	 For roads that cannot be buried, an alternative is to bridge over or tunnel 
under the road. Overpasses and underpasses can be constructed for people 
and wildlife.

➣	 If traffic can be reduced and/or efficiently rerouted, it is entirely possible to 
remove lanes or entire roadways from communities.

In the second half of the nineteenth century, Americans witnessed a surge in 
industrial development, national growth, and technological advancement. Frank  
and Charles Duryea introduced the first “motorized carriage” in 1893 in Springfield, 
Massachusetts, and by the early twentieth century there were several players in the 
auto market. With the development of assembly-line construction by Henry Ford 
in the 1920s, costs could be lowered to allow more Americans to be able to purchase 
a vehicle. Since then, the automobile has grown exponentially. “In 1920 there was 
one passenger car registered for every 13 Americans; in 1930, two for every eleven; 
by the late 1970s, one car per two people.”1 Worldwide, the patterns are similar. 
According to Ward’s Auto, total registered cars increased from 50 million in 1950 to 
250 million in 1970.2 By 2004, there were close to 6.4 billion people in the world, 
603 million passenger cars, and 223 million commercial vehicles.2,3 Ten years later, 
according to Green Car Reports, the combined total of light trucks and passenger cars 
was around 1.2 billion. If this trend continues, there could be over 2 billion cars and 
light trucks by 2035.4

With the advent of the automobile, citizens finally gained the freedom to flee 
the congested and polluted urban centers to the countryside for a peaceful retreat 
. . . and it was not long before the desire to live in such serenity became proletarian. 
Baby-boomers and war veterans flocked to the suburbs in search of this “American 
Dream.” Demand for housing escalated, and the once cruising roadways that 
traversed the natural contours of the land were no longer adequate for the flow  
of commuters to and from the suburbs. “In 1921, there were only 387,000 miles of 
surfaced roads – this number would triple over the next 20 years.”5 The post-World 
War II era witnessed massive highway development, largely due to the Interstate 
Highway Act of 1956. The highways were originally designed merely to link 
metropolitan regions and reduce commuting times between rural areas and urban 
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centers. Ironically, however, as more highways were built, development of open 
land in remote locations also increased. In turn, the same highways that were 
intended to alleviate congestion actually fostered more car journeys from distant 
locations. As history has demonstrated, this vicious cycle continues to repeat itself: 
congested roads = highway expansion = increased development = more cars = 
more congestion = the need for more and wider roads. Transportation planners 
often refer to this as “induced demand.” Eventually, the land becomes a sea of 
concrete that fragments communities and urban centers, pollutes the air and water, 
generates noise, harms wildlife and ecosystems, and creates barriers to rivers, oceans, 
and waterways.

Eventually, the once “dreamy” suburbs that offered an alternative, more tranquil 
lifestyle compared to their urban counterparts developed into fast-paced, auto-
dependent raceways lined with box retail, strip malls, and commercial chains. 
“Shopping malls ringed the cities, with parking lots so huge that unwary customers 
often wandered amid the massed, nearly identical ranks, in forlorn search of their 
lost cars.”5 The term “urban sprawl” was coined and is commonly associated with 
decaying urban centers, single-use zoning, low-density/non-compact development, 
loss of human scale, and large rates of land consumption. As previously quoted:

The paving over of large areas of previously green acreage has a severe impact 
on the integrity of the ecosystem. As woods and grasslands have been sliced 

FIGURE 6.1 Auto congestion on U.S. Route 7 in Shelburne, VT
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FIGURE 6.2 South Burlington, VT in 1937 (left) and 2000 (right). Although Vermont 
has some of the most stringent land use regulations in the country, it is not immune to 
auto-centric design and urban sprawl

Source: Orthophotography courtesy of the University of Vermont Bailey/Howe Special Collections 
(left) and Vermont Center for Geographic Information (right).

up into housing developments, malls, industrial parks, and highways, the 
whole complex fabric of the natural world has been gradually unraveling, 
leaving only isolated islands of “nature preserves,” and rendering untold 
numbers of plant and animal species vulnerable to extinction.6

If our practices do not change, the globe will essentially turn into one large 
megalopolis of intertwined concrete and will expel so much energy that it will glow 
bright red from outer space.

As mentioned earlier, the good news is that the Green Movement has finally 
become mainstream. The terms “green” and “sustainable” are in regular usage, and 
technology, media, and films such as An Inconvenient Truth have poignantly presented 
the perils the earth is facing. Automobile manufacturers, largely due to stipulations 
of the U.S. auto-industry economic bailout of 2009, are finally developing more 
fuel-efficient and/or fuel-alternative cars. While such technology is beneficial,  
it does not address issues of congestion, mass paving, stormwater runoff, and frag-
mentation that are irrevocably associated with automobiles and roadways. However, 
the pendulum is starting to swing. There is a growing movement in America to 
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rethink the way highways and roads are designed and juxtaposed in relation to cities, 
neighborhoods, and natural features. Roads are being designed to mimic the features 
of nature by utilizing vegetated swales, infiltration trenches, street trees, and curb 
extensions; highways that once divided the landscape are being tunneled, capped, 
and/or bridged with greenspace, parks, and pedestrian crossings; whole portions of 
roads are being removed and replaced with parks and greenspace; and new techno- 
logy has been introduced that may foster solar roadways and “invisible” roadways  
in the near future.

Roadway reduction strategies

Campaigners have long advocated for roadway reduction strategies to promote 
more pedestrian-scaled or “walkable” neighborhoods. Reducing the width of lanes, 
decreasing speed limits, and providing on-street parking have been shown to slow 
traffic and create more intimate settings in cities and villages. The parking lane 
reduces the need for large surface parking on sites that could otherwise be used  
for infill development and also provides a buffer between pedestrians and traffic.  
If burying or tunneling roadways is unfeasible, through traffic and/or large-load 
trucks can be diverted around city/village centers to avoid bottlenecking, noise, 
pollution, and congestion. Boulevards with four or more lanes can be bisected with 
vegetated meridians that control traffic movement and provide landscaping, 
pedestrian space, and sites for alternative transit systems.

As mentioned in the previous chapter, sustainable street design should always 
provide dedicated lanes for walking and bicycling. Ideally, the lanes should be physi-
cally separated from the street with a curb and/or vegetative strips, bio-swales, and 
street trees to provide adequate safety from car and truck traffic. The distance between 
the street and the sidewalk should be at least the width of a car length to allow cars 
to turn without blocking the sidewalk. Many communities have implemented bike 
lanes along the sides (“shoulders”) of roads. While this is better than no bike lane at 
all, it is really not an adequate design option, especially considering the recent increase 
in auto-veering/swaying as a result of distracted drivers using smart phones and/or 
digital handheld devices. In cases where a vegetative buffer is not possible, a guard 
rail can be placed between the road and the pedestrian path. Some designs actually 
provide separate paths for walking and “wheeled” conveyance (bicycling, roller 
blading, ski-skating, etc.). Often, different materials are used for each function, such 
as gravel, brick pavers, or pervious pavement for walking and asphalt for wheeled 
conveyance. Striping can also distinguish bicycling and walking lanes where paths 
are constructed from one path material.

Paths can also be distinguished with innovative technology. In the town of 
Krommenie outside of Amsterdam, the Netherlands Organization for Applied 
Scientific Research (TNO) recently opened SolaRoad – a 230-foot section of path 
integrated with solar panels. “It is made up of rows of crystalline silicon solar cells 
that were embedded into the concrete of the path and covered with a translucent 
layer of tempered glass.”7 Power generated by the SolaRoad’s panels will be 
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FIGURE 6.3 Top: Ample distance between street and sidewalk allows cars to turn 
without blocking sidewalk; Middle: Guard rail between road and bicycle lane; Bottom: 
Striping to differentiate walking/riding lanes
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channeled into the energy grid. As Gerrit Jan Valk (Senior Business Developer, 
Smart and Sustainable Energy Systems at TNO) states:

Pastures and fallow land are increasingly being used to place solar panels, as a 
result of which renewable energy production competes directly with food 
production or nature. Thanks to SolaRoad, much more space will become 
available on which you can generate renewable electricity – a big plus in  
a densely populated region as northwest Europe. This way, we make an 
important contribution to the sustainability of the Dutch electricity production.8

TNO has plans to expand SolaRoad and hopes that the technology can be applied 
at larger scales and on roadways. Other similar projects are also in development. The 
Solar Roadways Project in Idaho has developed solar road panels that light up with 
LED lights and have heating elements capable of melting snow and ice. South Korea 
has also developed a road-powered electric vehicle network. The Korea Advanced 
Institute of Science and Technology (KAIST) calls the system OLEV (Online 
Electric Vehicles). The road transfers energy to the vehicles via magnetic resonance 
from a series of cables buried under the surface. This technology could, in theory, 
power hover vehicles that could levitate over any surface, eliminating the need for 
any impermeable road surfaces at all – that is, “the invisible road.” Recently, several 
companies – including Lexus and Hendo Hover – have developed similar magnetic-
field technologies that bring to fruition the floating skateboard concept (“the  
hover-board”) that Marty McFly used to outrun a bunch of futuristic thugs in  
the movie, Back to the Future 2. A company in the Netherlands, Volker Wessels,  
is also researching the use of recycled plastic for roads. The technology would not 
only provide a productive use for discarded plastic products but would be easier to 
replace than conventional roads and would produce less emissions as compared  
to asphalt.

Low-impact development for roadways and sidewalks

Roadway design can also incorporate green infrastructure that “reduces” the imperme- 
able footprint, improves the pedestrian experience, and provides ecological  
benefits, such as capturing stormwater runoff, cooling and filtering the air, and 
providing wildlife habitat. Some of the designs that can be implemented include 
bump-outs and curb extensions, street trees, infiltration trenches, vegetated swales, 
pervious pavement, planters, drainage wells, and rain gardens/bio-retention areas. 
Such features are part of what is known as low impact development (LID), also 
referred to as best practice measures (BPMs) or integrated management practices 
(IMPs). The primary objective of LID is to manage stormwater runoff by preserving 
and/or replicating the natural, pre-development hydrologic processes of a site after 
development. In developed or “altered” landscapes, rainfall cannot infiltrate the 
ground due to soil compaction, impermeable surfaces, and the flattening of natural 
depressions in the landscape. The conventional design response to stormwater has 
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FIGURE 6.4 Top: Construction of SolaRoad; Bottom: SolaRoad in operation, running 
along rail corridor (rail with trail)

Source: Images courtesy of SolaRoad/Fjodor C. Buis.
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been to connect impervious areas directly to storm sewers that subsequently channel 
the water to streams, lakes, rivers, or detention ponds. This method, also known as 
“pipe and pond,” can damage water quality, increase flooding, and decrease the 
recharge of groundwater since water and sediment are not adequately filtered or 
absorbed by the soil or vegetation. By replicating natural hydrologic processes, 
water and sediment have adequate time to be filtered and absorbed, ultimately 
decreasing discharge and pollutants into natural bodies of water. In addition to 
roadways, LID strategies can be applied to all gray infrastructure, including parking 
surfaces, sidewalks, plazas, buildings, and rooftops. These concepts will be reiterated 
in the succeeding chapters.

Vegetated swales and infiltration trenches

Traditional concrete curbs and gutter systems can be replaced with shallow channels 
lined with vegetation. Vegetated swales – also known as “bioswales” – generally run 
parallel to roads or sidewalks and are designed to trap particulate pollutants, promote 
infiltration, and reduce stormwater runoff. Water can be channeled into the swales 
either through inlets in the curb or by completely eliminating the curb and sloping 
the roads toward the swales. According to the U.S. Environmental Protection 
Agency, a parabolic or trapezoidal cross-section with side slopes no steeper than  
33 percent is recommended to maximize the wetted channel perimeter of the 
swale.9 While swales can provide a cost-effective, simple solution for stormwater 
management, they are less efficient when the slope is extremely flat or extremely 
steep. Flat slopes often result in poor channeling and may lead to standing water that 
is a breeding ground for bugs and odors; steep slopes may lead to increased flows 
that erode the vegetation and decrease infiltration efficiency. This can be exacerbated 
by poorly drained soils under the swale and in areas of extremely high water  
flows. To mitigate these issues, swales are often coupled with infiltration trenches 
and/or drainage tiles to make them more efficient. Infiltration trenches are linear 
beds that are filled with rock or with a sand/soil/loose aggregate mix that collects, 
stores, and infiltrates water into the surrounding soil. The trenches are usually a 
minimum of 3 feet in depth and can contain a perforated pipe submerged under  
the aggregate to increase infiltration efficiency. The trenches can be constructed  
at or below the surface. In addition to being placed under vegetated swales, sub-
surface trenches are also used under porous pavement or downspouts, or along 
drip-edges of buildings.

Bio-retention cells and rain gardens

Bio-retention cells, also sometimes referred to as rain gardens, are concave-shaped 
areas planted with native species that are used to capture stormwater from impermeable 
surfaces. The site is graded so water is channeled from impervious surfaces and/or 
swales, through grass filter strips, and then into the vegetated cells. Suspended solids, 
heavy metals, hydrocarbons, nutrients, and sediment are filtered by the mulch layer 
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and the vegetation and root systems absorb the water/nutrients through trans-
piration. The amended planting soil should be sandy loam, loamy sand, or loam 
texture with clay content ranging from 10 to 25 percent and infiltration rates greater 
than .05 inches per hour.10 Vegetation should be both drought- and water-tolerant 
and should have density and diversity that mimic natural, native ecosystems as closely 
as possible to be able to endure the local climate and provide habitat to species.  
The cells are usually designed to allow ponding water up to about 6 inches and 
contain an overflow drain to prevent flooding in higher-volume rain events. Keeping 
the ponding depth below 6 inches allows the water to be slowly infiltrated into the 
ground and also ensures the water does not stand for extended periods of time. 
Ideally, the standing water will drain within 24 hours.11 Higher-volume flows and 
areas with fast-draining soils can be retrofitted with an aggregate base and a perforated 
underdrain to enhance infiltration. Bio-retention areas are not recommended where 
the water table is within 6 feet of the ground surface, within ten feet of foundations, 
where mature trees are located, above underground utilities, above septic systems, or 
on slopes that are greater than 20 percent.

According to the U.S. Environmental Protection Agency, the size of the bio-
retention area can generally be 5 to 7 percent (5 percent with a sand bed, 7 percent 
without a sand bed) of the drainage area multiplied by the rational runoff coefficient 
“c” (determined by the ground cover present at the site).10 The runoff coefficient 
is a variable that relates the amount of runoff to the amount of precipitation received; 
it is larger for impermeable, steep slopes with low infiltration, and smaller for flat 
slopes and vegetated areas with higher infiltration. Table 6.1 shows different runoff 
coefficients for various types of ground cover. For example, a 20,000-square-foot 
parking lot constructed of asphalt would have a runoff coefficient of around .90,  
so the bio-retention area with a sand bed would be 20,000 × .09 × .05, which 
would yield a size of about 900 square feet.10 The length of the cell should be twice 
the width and should not be less than 15 feet in width (4.6 meters) and 40 feet  

FIGURE 6.5 Left: Vegetated grass swale along roadway with erosion control fabric; 
Right: Stone-lined swale with infiltration trench along sloped road
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in length (12.2 meters).10 The width fosters the cell’s ability to mimic nature and 
create a microclimate, while adequate length promotes the distribution of flow. 
Multiple, smaller cells are often more effective than one large cell due to increased 
surface area.

Bio-retention areas can be used along roads, parking surfaces, or on grounds near 
buildings. In 2001, the city of Seattle employed bio-retention cells as part of the 
Street Edge Alternatives Project (SEA Streets) in a residential neighborhood in  
the city. The original street was redesigned in a curvilinear fashion to better  
mimic natural drainage patterns. Vegetated bio-retention cells and more than 100 
evergreen trees and 1,100 shrubs were constructed and planted along the edge  
of the road. The result was an 11 percent reduction in impervious surfaces as 
compared to a traditional street which has subsequently yielded a 99 percent 
reduction in total volume of stormwater leaving the street.13 The street, which was 
also lined with pedestrian walkways, has become an attraction in itself by providing 
residents and tourists alike with a pleasant, natural oasis in an otherwise hard-edged 
environment.

TABLE 6.1 Runoff coefficients for various land covers

Type of cover Runoff coefficient “c” (flat slope–10% slope)

Pavement and roofs 0.90

Drives and walks 0.75–0.85

Gravel pavement 0.50–0.60

City business areas 0.80–0.85

Suburban residential 0.25–0.40

Lawns, sandy soil 0.05–0.20

Lawns, heavy soil 0.17–0.35

Turf 0.25–0.30

Cultivated land, clay and loam 0.50–0.60

Cultivated land, sand and gravel 0.25–0.35

Meadows and pasture land 0.25–0.35

Woodlands and forests 0.10–0.20

Source: Oregon Department of Transportation.12

FIGURE 6.6 Typical cross section of a bio-retention area
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FIGURE 6.7 Top: Aerial view of Street Edge Alternatives Project, Seattle, Washington; 
Bottom: Close-up of vegetated bio-retention area and curb-less roads

Source: Images courtesy of Tracy Tackett, Green Stormwater Infrastructure Program Manager, 
Seattle Public Utilities.
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Curb extensions and bump-outs

Curb extensions, also known as “bump-outs” or “bulb-outs,” extend portions of the 
curb into the street. Such designs have traditionally been used at intersections as a 
means of traffic calming and to decrease crossing distances for pedestrians. However, 
bump-outs may also be placed along the road and can serve as catch areas for 
stormwater runoff. Water flows into the bump-out through an inlet that is set lower 
than the street’s gutter elevation. Stormwater is temporarily stored in the bed until 
it infiltrates the root system, ultimately returning to the sewer or into an adjacent 
drain inlet. In Portland, Oregon, curb extensions were installed as a pilot project at 
the corner of SE 12th Avenue and Clay Street. “Three landscaped curb extensions 
manage 74,000 gallons of stormwater runoff annually that would otherwise enter the 
combined sewer system.”14 These extensions are part of the SE Clay Green Street 
Project, which itself is part of the Route to the River Community Design Plan.

The overall plan identifies improvements along the 12 block corridor that will 
manage stormwater through green streets, enhance east/west pedestrian and 
bicycle connections, and increase the urban street tree canopy while main-
taining the business and freight needs of the industrial district. The plan calls 
for installing 23 green street facilities to manage runoff from approximately 
two acres of roadway, planting 96 new street trees, educational artwork, new 
pedestrian ramps, and innovative bike striping.14

Street trees

An anonymous source once stated, “The best time to plant a tree is 20 years ago;  
the second-best time is now.” In addition to their aesthetic beauty and their ability 
to absorb CO2 and provide oxygen, trees also absorb odors, pollutant gases, and  
heat, provide natural cooling, absorb rainwater, stabilize soil, and provide wildlife 
habitat. As previously mentioned, the American Forestry Association estimates that 
a 50-year-old urban tree saves $75 a year in air conditioning, $75 a year in storm- 
water and erosion control, $75 a year in wildlife shelter, and $50 a year in air pollu-
tion control.15 Street trees can be planted individually in a planter or “tree box,” in 
a linear tree trench below the surface that connects the individual tree planters, or  
in structural soil cells that consist of a structural grid placed under the tree bulb that 
prevents soil compaction and root compression. When added to the parking  
lane, vegetation and street trees also provide a physical buffer between the road and 
pedestrians. As stated above, the distance from the street curb to the sidewalk should 
be at least ten feet to provide a safe distance between pedestrians and cars and to allow 
cars to turn without blocking sidewalks.

Tunneling roadways

Underground engineering achievements can be dated back to the prehistoric caves 
of the Stone Age. Since then, various other sub-grade marvels have been achieved 
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FIGURE 6.8 Top: Curb extension; Bottom: Tree box
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in projects such as the second–fifth-century Christian Catacombs of Rome, the 
34-mile Seikan Railroad Tunnel beneath the Tsugaru Strait, and the Channel 
Tunnel under the English Channel, constructed in the 1980s. The tunneling of 
roads and highways through hillsides or mountains was traditionally viewed as a  
way of connecting two points via the shortest distance. The mountains and nature 
were thought of as a nuisance to the engineering process. In modern times, however, 
this paradigm has shifted. As greenspace and natural surroundings become increas-
ingly endangered and as our planet continues to warm, engineers and designers are 
now looking at tunneling strategies from a different perspective.

Roadways can either be tunneled underground or capped depending on how 
they sit on the topography. For example, many highways sit below the grade of the 
adjacent land on either side – this allows a capping or bridging of the highway with 
minimal disruption to traffic. A majority of the deck parks that have been constructed 
in the U.S. have taken advantage of this capping approach, including the Mid-City 
Bridge Park Deck in San Diego, California; Freeway Park in Seattle, Washington; 
Hance Park in Phoenix, Arizona; Sam Smith Park in Seattle, Washington; Klyde 
Warren Park in Dallas, Texas; Millennium Park in Chicago, Illinois; Lytle Park  
in Cincinnati, Ohio; Riverwalk Plaza in Hartford, Connecticut; Memorial Park in  
La Canada, California; Waterside Park in Atlantic City, New Jersey; Gateway Park 
in Arlington, Virginia; I-95 Park in Philadelphia, Pennsylvania; and Carl Schurz 
Park in New York. Tunneling the road is obviously more complex, especially if the 
tunnel is not conceived at the beginning of the project. For example, in the Central 
Artery/Tunnel Project (the Big Dig) in Boston, Massachusetts, engineers had to 
devise a way to build a tunnel under the existing road while keeping that road open 
to traffic. There are similar complexities ongoing in Seattle, where they are currently 

FIGURE 6.9 The Innerloop in Rochester, New York is a highway that sits below the 
grade of the adjacent streets; such juxtaposition provides a great opportunity for capping
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tunneling under the Alaskan Viaduct, a two-tiered, elevated section of State 
Highway 99 that runs along the city’s waterfront. The Interstate 35 project in 
Duluth, Minnesota and Riverwalk Park in Trenton, New Jersey, on the other hand, 
had the benefit of constructing the roads and the “caps” at the same time.

Tunneling existing highways – the Rose Kennedy Greenway, Central 
Artery/Tunnel Project (the Big Dig)

When one thinks of burying highways, it is impossible to ignore the Central Artery/
Tunnel Project (the Big Dig) in Boston, Massachusetts in the 1990s. The project 
was not without its faults and drama, but much can be learned from the planning, 
design, and engineering of this undertaking.

Boston experienced the frenzy of post-World War II highway construction in 
1951 with the construction of the John F. Fitzgerald Expressway – an elevated six-
lane highway through the heart of the city. The 1.5-mile-long Central Artery, as it 
came to be known, was originally intended to alleviate inner-city congestion:

When the highway opened in 1959, it carried approximately 75,000 vehicles 
a day, but by the 1990s, this had grown to 190,000 vehicles a day. Traffic jams 
were averaging 10 hours per day and were expected to rise to 16 hours per 
day by 2030.16

Economists estimated that the congestion cost more than $500 million/year in  
fuel, accidents, late deliveries, and other traffic-related delays.16 In addition to con-
gestion, the highway physically divided Boston’s downtown from the waterfront, 
economically displaced businesses and the market place, and socially fragmented 
neighborhoods.

Construction of the Big Dig began in 1991. The project envisioned improving 
mobility, decreasing congestion, reconnecting neighborhoods to the harbor, and 
improving human livability by decreasing air and noise pollution and providing 
natural landscapes throughout the city and its surrounding communities. To date, 
the project is still the largest, most expensive, most complex, and most technologi-
cally challenging highway project ever attempted in American history.17 By 2012, 
the total cost of the project was estimated at $24.3 billion.17 It spanned 7.8 miles  
of highway and replaced the six-lane elevated I-93 artery with an eight–ten lane 
underground expressway known as the Thomas P. O’Neill, Jr. Tunnel. To the 
north, the O’Neill Tunnel merges with the ten-lane, cable-stayed Leonard  
P. Zakim Bunker Hill Bridge and the Tobin Bridge via the City Square Tunnel 
across the Charles River. Toward the south of the city, the Massachusetts Turnpike 
(I-90) was extended underground to connect with the Ted Williams Tunnel under 
Boston Harbor. This section provides a direct, 3.5-mile connection to Logan 
Airport east of Boston.

The Ted Williams Tunnel was completed in 1995, while the I-90 connector 
tunnel to it was opened in 2003; the I-93 tunnels were fully opened in 2005.  
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The Rose Fitzgerald Kennedy Greenway now sits atop the former highway site and 
contains a series of gardens, promenades, and pedestrian pathways that have re- 
connected the communities of downtown Boston. The greenway occupies roughly 
15 acres of land, spans 1.5 linear miles, and includes Chinatown Park, Dewey Square 
Park, Fort Point Channel Parks, the Wharf District Parks, and the North End Parks.

While the new network of highways carries more traffic, congestion and traffic 
jams have decreased, thus decreasing idling and emissions. Air monitors placed 
throughout the city have confirmed a decrease of carbon monoxide emissions  
of roughly 12 percent as compared to prior to construction.18 “Travel times are 
between one-quarter to two-thirds shorter, and average speeds have risen from  
10 mph to 43 mph in some sections.”18 The 16 million cubic yards of dirt extracted 
during the project have been used to create over 300 acres of open land, including 
27 acres where the elevated highway used to span, 105 acres at Spectacle Island 
where project dirt is capping brownfields, and an additional 40 acres of parks 
throughout the city of Boston.18 Several other landfills were capped, including 
Quarry Hills, Gardner Street Landfill, and Granite Rail Quarry. The project also 
reclaimed the Rumney Marsh Wetland and created an artificial reef system in Boston 
Harbor with dredged soil from the tunnels. The shorter travel times and more effi-
cient traffic flow have accounted for more than $200 million per year savings in time 
and fuel.18 According to the Boston Globe, commercial properties along the old artery 
have increased in value by 79 percent in 15 years.18 New businesses have been 
established and existing businesses have reconfigured and renovated their spaces to 
adapt to the new greenway and connection to the harbor.

If you walk the streets of Boston and ask a hundred people what they feel about 
the Big Dig, you will get a hundred different answers – some positive, some nega-
tive, some combinations of the two. In 2005, Atlantic Research & Consulting 
conducted a survey for Boston Magazine about public perception of the Big Dig and 
asked the loaded question, “How has the Big Dig changed your life?” Forty-three 
percent claimed it had made the airport commute easier; 23 percent said it had  
made Boston prettier; 13 percent said it had made their commute shorter; 11 percent 
said it had made their commute longer; and 29 percent said it had not changed 
anything.19 Much of the negative sentiment can be attributed to the plethora of 
problems that have plagued the project since ground was broken in 1991. Roof 
leaks, construction errors, lawsuits, dubious accounting, and a fatal panel collapse 
due to inadequate epoxy holding bolts have painted an ugly picture. Critics have 
also questioned the cost of the project. In 1982, the estimate for the Big Dig was 
$2.6 billion (equivalent to $5.6 billion 2008 dollars after inflation); as already  
mentioned, by 2012, the actual cost had reached an estimated $24.3 billion.17

Despite these negative aspects, much was and can be learned from the Big Dig 
in terms of engineering, project coordination, funding, and public policy. The 
technological advancements alone will push the possibilities of architecture, design, 
and engineering for generations and hopefully catalyze a legion of road tunneling 
projects in the near future. As mentioned, the current highway actually carries more 
traffic than the old highway but is currently showing a reduction in fuel use. It will 
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FIGURE 6.10 Top: The elevated Central Artery through Boston, MA, 2001;  
Bottom: Rose Kennedy Greenway – textured water tables at North End Parks, 2016

Source: Bottom image courtesy of Karen Serafin.
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be interesting to see if this is sustained if auto use continues to rise due to “induced 
traffic demand.”

Tunneling roads to preserve smaller communities: U.S. Routes  
2 and 7 in Vermont20

Tunneling roads underground can also be done at smaller scales and used to preserve 
the historic character of small villages and urban centers plagued by traffic. The 
village of Shelburne, Vermont, for example, is currently bisected by U.S. Route 7 
– a 308-mile north–south highway that runs from Norwalk, Connecticut to 
Highgate, Vermont. Due to the geography of Vermont – including Lake Champlain 
to the west and the Green Mountains to the east – Route 7 has become a major 
north–south artery for interstate trucking, tourists, and local commuter traffic. To 
accommodate the increase in traffic in recent times, the primarily two-lane road  
has been expanded to four lanes in several sections, including the section north  
of Webster Road in Shelburne and South Burlington. These extra lanes have 
encouraged further traffic, which in turn has caused extreme bottlenecking in the 
two-lane sections that pass through the village of Shelburne itself. For residents and 
businesses along Shelburne Road, the noise is frequently at levels that make it 
difficult to have a conversation, listen to the radio/television, and/or sleep soundly 
through the night . . . not to mention air-quality concerns, fuel consumption from 
idling, and safety issues/difficulties in navigating across the road on foot, bike, or in 
a wheelchair. Much of the village’s small-town feel and historic charm is essentially 
in jeopardy of becoming “extinct” or “endangered” due to the presence of this road. 
Although several traffic calming strategies have been proposed in the town’s master 
plan, more ambitious strategies need to be considered to mitigate the fragmentation 
caused by the road. Since there is no land suitable for a roundabout adjacent to the 
village, the most efficient solution would be to tunnel a road for through-traffic. 
Local traffic could still use the surface lane, where traffic calming strategies such as 
reduced speed limits and street parking, along with pedestrian friendly bicycle and 
walking lanes and street landscaping, could be imposed.

Figures 6.11 and 6.12 demonstrate a conceptual proposal to bury 1.5 miles  
of Route 7 from the jug-handle at Webster Road south through the village of 
Shelburne to the Bostwick/Marsett Road intersection. The tunnel would provide 
a fast, uninterrupted route through the village for through-traffic and interstate 
trucking. Local traffic could exit onto the existing “surface” road via feeders at the 
Webster Road jug-handle and at the Bostwick/Marsett Road intersection. A similar 
technique is also demonstrated for U.S. Route 2 in Burlington, Vermont, which is 
also plagued by traffic congestion and divides the University of Vermont’s central 
campus from the residential/athletic campus. A land bridge in this area would unify 
the two sides of the university that are currently bisected by the road, decrease car 
and truck congestion by providing a more direct passage with fewer traffic lights, 
decrease noise, increase pedestrian safety by providing an uninterrupted connection, 
and create an aesthetically pleasing environment.
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FIGURE 6.11 Conceptual massing model showing roadway and tunnel juxtaposition 
along U.S. Route 7 in the village of Shelburne, Vermont

FIGURE 6.12 Conceptual rendering of tunnel entrance at Webster Road

Simultaneously tunneling and capping highways – I-35,  
Duluth, Minnesota

The Interstate-35 project in Duluth, Minnesota was unique in that it solved the 
quandary of expanding a highway and creating new greenspace. Unlike the Big Dig, 
the I-35 project had the benefit of simultaneously constructing the below-grade 
highways and the deck parks.
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FIGURE 6.13 U.S. Route 2 in Burlington, Vermont. Top: Existing road;  
Bottom: Conceptal rendering of proposed land bridge
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Interstate-35 was originally constructed through the city of Duluth in the late 
1950s. Similar to Boston’s I-93 situation mentioned previously, I-35 quickly became 
overwhelmed with traffic that caused severe congestion at its terminus in the city 
center. In the early 1970s, a plan was drafted to extend the highway northward, 
along Lake Superior. The proposal was intended to alleviate congestion in down-
town Duluth by providing a bypass around the city. It met with much opposition 
since its alignment created a barrier to the waterfront and would cause the fragmen-
tation of Leif Erikson Park and the potential extirpation of several historical  
buildings in the vicinity. Eventually, opposition groups such as Citizens for the 
Integration of Highway and Environment (CIHE) and the Stop the Freeway Action 
Group were formed. In 1975, Duluth Mayor Robert Beaudin created the I-35 
Citizens’ Advisory Committee, which worked not only with the community, but 
also with city and government officials, engineers, designers, and planners to devise 
a better solution. Kent Worley, a landscape architect and founder of CIHE, was one 
of the key contributors who envisioned sinking the road and enabling a pedestrian 
connection between the city and the waterfront. The novel “cut and cover” plan 
enabled city and state officials to secure federal funding from the Federal Highway 
Administration (FHWA).

Overall, roughly three miles of highway were tunneled and a series of three 
parks, including the expansion of Leif Erikson Park and the creation of Lake Place,  
were constructed, providing new pedestrian access and connections to the lakeshore. 
In addition, excavated material from the tunneling was used to create new land 
along the shore of Lake Superior, the 2.6-mile Lakewalk, and an offshore reef. The 
final phase of the project was completed in 1993 at a total cost of over $200 million.21

The concept of building “down” and constructing lids over the highway provided 
a solution that allowed highway expansion and traffic alleviation while also providing 
new greenspace and a new connection from the city to the waterfront. Tunneling 
the roadways also protected the highways from icing from the lake and minimized 
air and noise pollution. In 1992, the FHWA announced that the I-35 segment had 
won one of the agency’s biennial Excellence in Highway Design awards, noting that 
the designers “used cut and cover tunnels, architectural design treatments, and exten-
sive landscaping to integrate the freeway into the surrounding urban environment 
and to create a pleasing driving experience.”22

In addition to some of the projects mentioned here, there are also proposals  
to cap the 101 Freeway in downtown Los Angeles (Park 101) and proposals to  
cap over I-70 near Jefferson National Expansion Memorial Park in St. Louis, 
Missouri. In Germany, the city of Hamburg recently announced plans to bury  
and cap portions of Autobahn 7 in a project that has been dubbed the “Hamburger 
Deckel.”

Overpasses and land bridges

For existing roads that cannot be buried after they have been built or “capped” 
during the construction process, overpasses or “land bridges” can be constructed 
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over the road infrastructure. The Vancouver Land Bridge in Washington State, 
designed by Seattle-based architect Johnpaul Jones, bridges Route 14 and reconnects 
historic Fort Vancouver with the Columbia River. The bridge is 40 feet wide and 
lined with a pedestrian path, indigenous vegetation, and Native American art that 
retells the story of the site as a crossroads for Native Americans and European 
settlers.23 Utilizing rooftops of buildings or structures also provides a means of 
bridging roadways. Where access rights can be obtained, this strategy minimizes the 
need for extensive ramping, stairway, or elevator infrastructure that is needed to 
elevate the bridges and make them universally accessible.

Tunneling under roadways

An alternative to building over a road is to tunnel under the road to create a safe, 
contiguous connection for pedestrians and/or wildlife. Since ramping can take up 
excessive space, elevators, stair lifts, and bike rails can be constructed to allow accessi- 
bility when descending to or ascending from the tunnel. Natural light can be brought 
in via light tubes, but tunnels should also be augmented with ample artificial lighting 
to provide a safe environment. Tunnels do not need to be dark, dingy spaces with 
the sole purpose of connecting two points. They can be designed to include benches, 
artwork, murals, and sound systems.

FIGURE 6.14 I-35 through Duluth, Minnesota

Source: Image courtesy of the Minnesota Department of Transportation.
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Overpasses and underpasses for wildlife

Indeed, with the proliferation of development and rapid loss of forests and open 
space, the need for dedicated overpasses and underpasses for wildlife has increased. 
In 2005, a study conducted by the Cornell University Cooperative Extension 
reported that there were more than 1.5 million deer–vehicle collisions in the United 
States in 2002, causing at least $1.1 billion in damage and killing 150 humans and 
at least 1.5 million deer.24 Several sites have been proactive in addressing this. At 
Banff National Park in Canada, various sizes of wildlife crossings were constructed 
both above and under the Trans-Canada Highway:

The crossings consist of two major 50-meter wide overpasses that allow 
animals to safely cross the highway between the town of Banff and Castle 
Junction and 21 less visible underpasses that vary from small culverts suitable 
for reptiles and rodents to open-span underpasses and creek bridges.25

The Netherlands has over 600 underpasses and ecoducts, including the 50-meter-
wide, 800-meter-long Natuurbrug Zanderij Crailo (Sand Quarry Natural Bridge) 
that crosses the N524 roadway, a railway, a business park, a river, and a sports 
complex. Such conservation corridors should be required when any new road is 
built or expanded – our land belongs to other animals as well as humans. In the state 
of Washington, the I-90 Wildlife Bridges Coalition grew out of the Cascades 
Conservation Partnership and is currently working to provide wildlife crossings  
over portions of I-90 east of Snoqualmie Pass, a stretch of land that is an active and 
vital crossing area in the north–south migration of wildlife in the Cascade Range. 
In July 2015, ground was broken for the construction of a wildlife and pedestrian 
overpass at Price Creek.

The National Wildlife Federation’s Northeast Regional Center has also started  
a project, known as “Critical Paths.” Through computer modeling and field observ- 
ation, the project has identified 11 priority zones out of 38 wildlife crossings along  
the spine of the Green Mountains in Vermont.26 In addition to overpasses and under-
passes, other mitigation measures include ensuring the guard rails have efficient gaps 
for wildlife to pass through, using less salt in the priority zones to decrease “salt licks” 
(animals staying on roads to lick the salt), decreasing speed limits, increasing signage, 
conserving adjacent land, and implementing wildlife overlay districts in the zoning 
regulations to ensure development is minimized.

Removing roadways

The complete removal of highways in favor of parks/greenspace often meets with 
much skepticism, as people fear roads will become more congested and it will take 
longer to get to their destinations. The truth of the matter is that much of the existing 
traffic would not even exist if the road/highway had not been constructed in the first 
place. As mentioned above, economists and transportation planners aptly refer to  
this as “induced demand” – the idea that after supply increases, more of a good is 
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FIGURE 6.15 Conceptual rendering of wildlife overpass over I-90 in Washington State

Source: Image courtesy of Washington State Department of Transportation.

consumed. New roads not only invite traffic that would otherwise seek different 
routes, but also increase speed which initially decreases travel time, but eventually 
increases the frequency of trips and the distance that people travel. Thus, in the long 
run, the amount of time people spend commuting remains relatively constant. This 
“fixed travel-time budget” was first pioneered by Yakov Zahavi when studying 
traffic patterns for the U.S. Department of Transportation in the 1970s and later 
advanced by physicist Cesare Marchetti in what was to become known as “Marchetti’s 
Constant.” Fixed travel-time budget centers on the notion “that regardless of culture, 
class, creed or access to advanced technology, the mean amount of time people all 
over the world spend in everyday transit is about an hour.”27

All of this means that if you remove roads, people will eventually adapt their 
routes, routines, and modes of travel to stay within a “fixed” one-hour travel-time 
budget, thus ultimately reducing the demand on roads. A British study led by Phil 
Goodwin of University College London in 1998 confirms this theory:

The research team analyzed 60 cases worldwide where roads were closed, or 
their ability to carry traffic was reduced. On average, researchers found that 
25 percent of the traffic vanished when a road was closed. And in some cases, 
the researchers found that an astonishing 60 percent of the driving trips 
disappeared.28
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FIGURE 6.16 Land bridges. Top: Construction of Vancouver land bridge;  
Bottom: Conceptual rendering of proposal for a land bridge over U.S. Route 2 in 
Burlington, Vermont that would connect the student center with a proposed green roof 
on the city’s water reservoir

Source: Top image courtesy of Susan Fell, Washington State Department of Transportation.
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FIGURE 6.17 Significant space may be required by pedestrian bridges to achieve the 1:12 
slope ratio demanded by the Americans with Disabilities Act

FIGURE 6.18 Pedestrian tunnel under road with stair lift and bicycle channels designed 
along stairs
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The will of the community – Harbor Drive Freeway, Portland, Oregon

Harbor Drive was a four-lane highway that ran along the western edge of the 
Willamette River in Portland, Oregon. The freeway was completed in 1942 and 
State Highway Department plans to widen it surfaced in 1968. However, the citizens’ 
opposition to freeway expansion provoked Governor Tom McCall to appoint a task 
force to study other possibilities for Harbor Drive. In addition to widening proposals, 
the committee also examined plans to relocate the highway or to bury portions of it 
and cover it with a park. After much deliberation between citizens, private consult-
ants, and traffic engineers, Governor McCall and Glenn Jackson of the Highway 
Department finally made the decision to remove the highway in 1974. Four years 
later, the freeway was replaced with Tom McCall Waterfront Park (renamed after 
the governor in 1984), which was expanded in 1999 through the addition of South 
Waterfront Park, ultimately creating roughly 2 miles of park along the waterfront in 
downtown Portland. The park revitalized downtown Portland, beautified the west 
bank of the Willamette River, and has been a catalyst for new development and more 
parks/greenways. For example, in December 2014, construction was completed of 
the 1.2-mile South Waterfront Greenway in the Central District.

The Greenway was designed to increase diversity of habitat types, create and 
enhance habitats that support native species while minimizing non-native 

FIGURE 6.19 Pedestrian tunnel under U.S. Route 2 at the University of Vermont
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species, provide, where feasible, off-channel habitat, such as coves and tributary 
mouths, protect and improve water quality in the Willamette River, provide 
stable riverbanks where needed to protect existing and future urban develop- 
ment and infrastructure, significant natural resources, and public safety, 
provide safe public access to the river where appropriate, and to enhance the 
aesthetic qualities of the river’s edge.29

Portland was the first major city to remove an urban freeway. The project has served 
as a precedent for other cities planning highway removal and has spawned more 
highway removal projects in the city itself. In the early 1990s, citizen advocate 
groups, particularly Sensible Transportation Options for People (STOP) and 1,000 
Friends of Oregon, prevented the construction of the Western Bypass, which would 
have stretched from I-5 near I-205 south of Portland to I-5 north of Vancouver. 
The 1,000 Friends of Oregon proposed an alternative plan known as LUTRAQ 
(Land Use, Transportation, Air Quality) that included extension of the light rail  
and transit-oriented development rather than construction of the bypass. The new 
plan was shown to be superior to road expansion in terms of emissions/air quality 
and traffic congestion. It was implemented and became a major component of 
Portland’s long-term land use master plan. Riverfront for People is still advocating 
for the removal of I-5 along the east bank of the Willamette River. A recent article 
in the Southeast Examiner states:

[I]f begun today, removal would take fifteen years for its planning and 
construction so it is unlikely that it will happen in less than thirty years. The 
circumstances around auto usage and the importance of inner city freeways 
will need to change and when it happens, the east side will see significant 
improvements.30

Mother Nature always wins – Embarcadero and Central freeways,  
San Francisco, California

San Francisco’s Embarcadero and Central freeways were elevated, double-deck 
roads that were part of a larger concept for a series of interconnected freeways 
through the city known as the “Trafficways Plan.” The Embarcadero extended 1.2 
miles along the bay, essentially dividing the downtown from the waterfront, while 
the Central bisected the Hayes Valley neighborhood. Opposition to the Trafficways 
Plan started to build before any freeway was even constructed and eventually 
mounted to a point that forced the cancellation of seven of the ten planned freeways, 
including the extension of the Embarcadero to the Golden Gate Bridge and the 
northern and western extensions of the Central.

Although there was ample support for removal of the freeways in the 1980s 
(especially the Embarcadero, which was on prime real estate), it would take an act 
of nature – the 7.1-magnitude Loma Prieta earthquake of 1989 – to bring the 
Embarcadero and Central freeways to their knees. In addition to causing portions  
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FIGURE 6.20 Top: Harbor Drive along the Willamette River in 1958; Bottom: Harbor 
Drive removed and replaced with Governor Tom McCall Waterfront Park

Source: Images courtesy of Portland Parks and Recreation.
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of the Bay Bridge and the Cypress Freeway in Oakland to collapse, the earthquake 
also damaged both the Embarcadero and the Central to a point where they had  
to be closed. The damage, along with the fact that traffic seemed to be adapting 
without the freeways, spawned new support for demolishing the concrete beasts  
that were often compared to prison walls. In 1991, the Embarcadero Freeway  
was replaced with a surface boulevard – now known simply as “the Embarcadero” 
– that is flanked with a pedestrian promenade, parkland, open space, and recreational 
paths.

Replacing the double-decked freeway with a boulevard raised property values 
in the adjoining neighborhoods by 300 percent and stimulated development, 
including the restoration of the Ferry Building, the extension of the streetcar 
system to the waterfront, new retail and office space, and the restoration of 
park space.31

More importantly, San Francisco was reconnected with the waterfront, the very 
resource that had made the city what it was in the first place. Portions of the Central 
Freeway were removed in 1992 and also replaced with a surface boulevard (Octavia 
Boulevard); the final section was demolished in 2003. Octavia Boulevard contains 
four lanes for through-traffic and two service lanes for local traffic and pedestrians, 
all flanked by landscaping down the central meridian and along the edges, buffering 
the pedestrian paths and service lanes. Since the boulevard’s completion, the Hayes 
Valley neighborhood has undergone a boom in new housing, business, and retail 
and park space.

Recognizing our errors – Robert Moses Parkway, Niagara Falls,  
New York

The Niagara River flows north for 37 miles from Lake Erie to Lake Ontario, 
plunging about 165 feet at the 17-mile point to form the ever-mystical Niagara Falls. 
Although the falls, the river, and the waterfront have served as the nexus of the 
Buffalo–Niagara region and are the very foundation on which the region was built, 
commercialization to exploit the flood of tourists, the construction of hydroelectric 
power facilities, and the subsequent spread of industrial manufacturing have, to some 
extent, overshadowed the natural beauty and mysticism of the water.

The 2,400-megawatt Robert Moses Niagara Power Plant and Lewiston Pump 
Generating Station were constructed between 1958 and 1961. Robert Moses, then 
chairman of the New York Power Authority, was responsible for various highway 
and bridge projects from the Great Depression to the 1960s. In addition to several 
projects in and around the New York City/Long Island region, he also constructed 
a four-lane parkway along the Niagara River at the same time as the power plant 
was being built. When it was finished, the parkway ran for almost 20 miles, 
beginning at the terminus of the La Salle Expressway, extending through the city 
of Niagara Falls, and terminating at Lake Ontario. In the late 1980s, a portion of the 
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parkway was removed in the city of Niagara Falls to restore Frederick Law Olmsted’s 
vision for Niagara Falls State Park; the remaining parkway was then split into two 
segments, with traffic rerouted through the city.

Although Moses envisioned a “drive-by” experience of Niagara Falls, the reality 
is that the parkway serves as a barrier to the river and the gorge. Throughout  
the 1980s and 1990s, various proposals and studies were conducted to restore the 
Niagara Gorge waterfront. The Niagara Heritage Partnership was formed with a 
mission of “preserving and restoring the Niagara Region’s natural environment and 
encouraging socially responsible development.”32 In 2000, the partnership advocated 
for the removal of 6.5 miles of the parkway between the city of Niagara Falls  
and Lewiston, New York. In its place, it proposed a series of pedestrian/bicycling 
paths and revegetating the shore along the gorge. Also around this time, the city of 
Niagara Falls contracted the Urban Design Project at the University at Buffalo’s 
School of Architecture and Planning, Foit-Albert Associates, and the Waterfront 
Regeneration Trust to assess the waterfront planning of previous years and imple- 
ment a future plan. The Urban Design Project also had the opportunity to consider 
portions of the project as class design projects. In 2001, the state conducted a pilot 
program by closing the two lanes closest to the gorge to traffic but keeping them 
active as pedestrian paths. After this pilot program was shown to be a success, the 
state permanently closed two lanes from Cedar Avenue in Niagara Falls to I-190  
in Lewiston.

In November 2014, ground was broken on an $18.8-million project to remove 
two lanes along the Upper River Gorge from John B. Daly Boulevard to Old Falls 
Street. Governor Andrew M. Cuomo’s office stated:

All of these changes are aimed at allowing easier access to the Niagara River 
and the American Rapids – where for generations residents and visitors have 
had to cross four lanes of concrete expressway to access the water’s edge. Now 
there will be native plantings and a complete trail network to facilitate hiking, 
biking, fishing, cross-country skiing, all accessible from city streets for the first 
time in more than 50 years. In addition, there is currently more than $40 
million of private investment along this one-mile stretch, in part due to this 
important infrastructure project.33

There’s always potential – I-190, Buffalo, New York

The Niagara River is also separated from the community to the south of Niagara 
Falls, heading toward Buffalo, where I-190 occupies a 6-mile stretch of land that 
was once the Erie Canal. I-190 was constructed in 1960 when shipping on the  
canal lost its competitive edge to interstate trucking and rail. The river is severely 
blocked near Scajaquada Creek, where the I-190 and the I-198 intersect, forming 
an elevated spaghetti mess of feeder ramps and concrete. The I-198 (also known as 
the Scajaquada Parkway) occupies a portion of land that was once part of Frederick 
Law Olmsted’s Emerald Necklace – a parkway in the shape of a wide arc across the 
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FIGURE 6.21 Conceptual rendering of the removal of two lanes of the Robert Moses 
Parkway along the upper Niagara River and replacement with a riparian buffer, 
pedestrian trains, and an elevated monorail
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northern portion of the city that linked three major parks: the Park (currently 
Delaware Park), the Parade (currently Martin Luther King Jr. Park), and the Front 
(currently Front Park). Olmsted defined the parkways as “broad thoroughfares 
planted with trees and designed with special reference to recreation as well as for 
common traffic.”34 By 1870, there were close to seven park approaches, including 
Humbolt Parkway (which joined Delaware Park to the Parade), Lincoln Parkway, 
Chapin Parkway, Bidwell Parkway, the Avenue (currently Richmond Avenue), 
Porter Avenue, and Fillmore Avenue. In addition to these more monumental 
approaches to the park, several existing city streets assumed new importance as 
residential avenues leading to the parkways. The interaction of Olmsted’s Emerald 
Necklace and Joseph Ellicott’s radial street design demonstrated how an industrial 
city could be made more livable by establishing accessible thoroughfares and parks 
that permeated the existing residential and industrial grid, ultimately bringing 
spaciousness and the natural elements to the people throughout the city.

Later additions to the park system included Day’s Park, the Terrace, Masten 
Place, Bennett Place, South Park, Cazenovia Park, and Riverside Park. In addition 
to the I-190 and the Scajaquada Parkway, other portions of Olmsted’s original 
conception have been interrupted by the Humboldt Highway and portions of 
Highway 33. Riverside Park and Front Park are now disengaged from the river and 
expressways for motorized vehicles currently dominate the once pedestrian-oriented 
parkways.

It would be ideal if the progress being made in Niagara Falls through the removal 
of the Robert Moses Parkway sparked similar proposals to cap, remove, and/or 
reduce the I-190 near Buffalo. If connected, this project could create an international, 
37-mile greenway along both sides of the Niagara River, from Lake Erie to Lake 
Ontario. Indeed, a “Niagara River Greenway” has the potential to transform the 
image of Buffalo–Niagara from a run down, depressed Rust Belt city into a region 
of parks. As Alex Bitterman points out in his book Buffalo is a Cool Place to Live, 
“Buffalo suffers from a horrible P.R. problem.”35 For many years, the city itself and 
the whole Niagara region have searched for a “magic bullet” that will rescue them 
from the deep depression they entered in the mid-twentieth century. Most of  
these magic bullets have failed due to a lack of capital, poor leadership, and/or an 
imperceptible community/regional vision. The region has failed to re-examine a 
paramount attribute that was responsible for civilization in the area in the first place 
– its natural elements. The Niagara River has served as the region’s jewel throughout 
history with respect to nature, culture, transport, and industry. Its role as an inter- 
national nexus not only physically binds and defines the region, but also provides a 
unique setting where different cultures interact, work, and celebrate. Regreening 
the Niagara River and the shores of Lakes Erie and Ontario would sustain the 
Buffalo–Niagara region in the twenty-first century and eliminate the poor perception 
and “P.R. problem” that the region seems unable to shake off. In addition to the 
environmental, social, and economic benefits of a north–south lineage connecting 
two of the Great Lakes, the greenway also has a unique opportunity to forge an 
international partnership with Canada by networking greenspace across the border.
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FIGURE 6.22 Top: I-190 along the Niagara River in Buffalo; Bottom: Conceptual 
rendering of proposal to remove the I-190
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FIGURE 6.23 Proposal for a “Niagara River Greenway”
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7
PARKING SURFACES

KEY POINTS

➣	 Similar to roadways, reducing the area for parking surfaces is dependent 
on reducing cars, which can be achieved by providing/encouraging auto-
alternative transportation and driving disincentives.

➣	 Disincentives to driving are contentious and often work better in dense, 
urban areas. Such disincentives include limiting parking spaces, charging 
for parking, and/or raising the federal and/or state gas tax.

➣	 Large parking surfaces can be reconfigured to decrease impermeable area 
and foster more favorable pedestrian movement. Such strategies include:

■	 decreasing setbacks between buildings and the curb;
■	 bringing the building frontage to the sidewalk;
■	 placing parking diagonally on the street and/or behind the buildings;
■	 breaking up large surface parking with vegetative and tree-lined 

meridians; and
■	 allowing shared parking.

➣	 Similar to roadways, parking surfaces can utilize low-impact development 
strategies to decrease impermeable surface area. Such strategies include 
vegetative swales, infiltration trenches, bio-retention/rain gardens, wet 
ponds, permeable pavement, and reinforced turf systems.

➣	 Permeable pavement includes porous pavement, interlocking concrete 
pavers, and concrete grid pavers.

➣	 Underground parking and elevated parking structures also reduce surface 
parking area.

➣	 Compact and transit-oriented design can also reduce sprawled development 
and surface parking since development is clustered around nodes.
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Similar to roadways, parking surfaces are a major culprit of impermeable land 
coverage that precipitate urban heat islands, stormwater runoff, and pedestrian 
displacement. Given that the area of typical parking space is about 150 square feet 
and that an average aisle width is around 20–25 feet, one car requires anywhere 
between 250 and 350 square feet of space. Multiply this by minimum parking space 
requirements (around 5 spaces per 1,000 square feet for retail, 2–4 spaces per 1,000 
square feet for offices), and the amount of asphalt starts to increase . . . especially since 
a typical large box-retail store is around 200,000 square feet.1 Also similar to roadways, 
parking can be reconfigured to minimize impermeable surface area, constructed 
underground, replaced with permeable paving and/or reinforced turf systems, or 
consolidated into parking structures which can facilitate the removal of existing 
surface lots.

Reducing parking = reducing cars

In her book The Urban Oasis, Roxanne Warren states:

When we build, we provide not one, but two or three parking places per car 
– one at home, one at work or school, one at the shopping center, entertain-
ment or vacation spot, and the like. We are dedicating some 700–1,050 square 

FIGURE 7.1 Typical large surface parking lot at grocery store – “a sea of concrete”
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feet (65–97.5 square meters) to each private car for the purposes of storage 
alone, even before streets and highways are counted.2

Reducing the demand for parking is obviously dependent on reducing the car load, 
which can be achieved by providing both alternatives and disincentives to driving. 
Alternatives include the strategies discussed in the previous chapters, such as providing 
auto-alternative transportation modes, designing dedicated bicycle and pedestrian 
lanes, providing adequate bicycle storage/locker rooms, providing more park-and-
ride locations, and encouraging employers to subsidize transit costs for employees. 
Although effective bicycle infrastructure can encourage more riders, it is often not 
the most conducive way to travel because of physical ability, weather, distance/time 
constraints, topography, and perspiration issues from physical exertion. In recent 
times, there have been advances in electric motors/wheels for bikes and electric 
scooters. The EcoReco scooter, for example, can reach speeds of 20 mph and boasts 
10–20 miles per charge. It weighs only 34 pounds and folds up to 3 feet in length for 
easy transportation and storage.3 Employers could purchase these for employees or 
strike discount deals with the suppliers.

Disincentives, which can be somewhat contentious, to say the least, include limit-
ing parking spaces, charging parking fees, raising federal and state gas taxes, or linking 
insurance rates/infrastructure tax to the amount people drive or to the type of vehicle 
they drive (for example, a higher tax for less efficient vehicles). Such taxes can be 
used to fund more energy-efficient forms of transportation. These strategies are often 
easier to accomplish in high-density, urban areas where people can walk to destina-
tions and/or have access to multiple modes of transportation. Indeed, the alternatives 
need to be in place or disincentives can greatly disadvantage low-income drivers.

Since driving disincentives can be difficult to implement, another strategy is to 
offer incentives not to drive. For example, Allstate Insurance currently offers a 
“Drivewise” program that monitors a user’s driving behavior through a device that 
is plugged into the vehicle. The device tracks average speed, acceleration, decelera-
tion (braking), total hours behind the wheel, and time of travel, to name a few. A 
user can then get cash rewards based on “safe” driving habits, such as slow, steady 
speeds with uniform acceleration/deceleration. The program is far from perfect,  
but it is a step in the right direction. The same principles can be applied to get people 
to drive less, but could be sponsored by employers, or by federal, state, or local 
government agencies. Such “the less you drive, the more you earn” programs could 
be cash rewards, gift cards, lower insurance/registration rates, or discounts for events 
or recreational activities.

However, the single biggest driving disincentive may be something beyond our 
control: the cost of oil. Since oil is a finite resource and will run out sometime this 
century, it is inevitable that prices will start to escalate. “In 2008, when gas prices 
reached historical highs at $4 per gallon, Americans drove 100 billion fewer miles 
than the year before.”4 However, this drop in driving was tied to the limited options 
of other fuel technologies, such as hydrogen and biofuels. In the future, if/when 
such technology improves and becomes more ubiquitous, rising oil costs may do 
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nothing to reduce car load since drivers will just trade their gas cars for hydrogen, 
hybrid, biofuel, or solar alternatives. As previously stated, these new auto technologies 
do nothing to address the congestion and fragmentation caused by the pace and scale 
of cars, roads, and parking surfaces.

Reconfiguring and reducing parking surfaces

In the context of urban design, setback is defined as the required distance a structure 
is offset from each of its property lines. The setback is also a function of the size, 
height, and shape of the building and the site. Zoning ordinances usually govern these 
ratios and are often lackluster in promoting a decent aesthetic. Many ordinances are 
concerned only that there is adequate distance between the structure and the curb; 
they fail to realize that there is equal peril to establishing too much distance between 
these two entities. “An active pedestrian environment is stimulated by buildings  
at the sidewalk with numerous entries; surface parking lots are ‘dead’ spaces for 
pedestrians and drain the life of the street.”1 Such dead spaces can be infilled with 
development and parking can be placed along the street and to the rear of the buildings.

Figure 7.2 shows a typical group of box-retail stores with a large surface parking 
area. At the onset of the project, before any buildings are built, a design option to 
reduce lot coverage can be achieved by moving the buildings toward the street-
front and placing the parking behind the buildings. Diagonal parking is placed  
along the primary street, thus enabling a smaller footprint for the rear parking  
lots. Vegetative strips and trees are introduced in the island down the center of  
the primary street and between the diagonal parking and the pedestrian paths. The 
existing site inside the boundary is about 28.5 acres, of which 26.6 are impermeable 
surfaces – the site is thus 93 percent impermeable. The reconfigured site has slightly 
fewer parking spaces, but is only 49 percent impermeable – almost a 50 percent 
reduction in hard surfaces. If green roofs were added to the buildings, the site could 
drop another 20–25 percent of its density; permeable paving and allowing parking 
areas to be shared by facilities in close proximity to each other could reduce it 
further. Sometimes, the combined effect of several strategies can have a significant 
impact – a theme that is common throughout this book.

Unfortunately, adjusting setback can be costly since it requires moving the build-
ing or rebuilding it to meet the street, or moving the street to meet the building. 
Where buildings are “set in stone” (literally), large parking surfaces can be segmented 
into smaller units via vegetated islands. Landscaping can also be strategically placed 
between the parking lots and the roadway. Islands are often introduced into parking 
surfaces, but usually not to a magnitude that has any impact on pedestrian mobility, 
stormwater capture, or cooling/softening the surface. Several of the low-impact 
development and best management practices introduced in Chapter 6 can also be 
applied to parking surfaces to reduce impermeable surface area and capture storm-
water runoff. Vegetated swales, infiltration trenches, and bio-retention/rain gardens 
can be placed adjacent to and/or on the islands and permeable paving and reinforced 
turf systems can be used in lieu of typical asphalt paving to increase water infiltration. 
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FIGURE 7.2 Top: Typical surface parking in front of buildings; Middle: Moving 
buildings to the street, placing parking behind the buildings, and providing on-street 
parking can decrease impermeable lot coverage of a site; Bottom: Breaking up surface 
parking with vegetation
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FIGURE 7.3 Top: Bio-retention area installed adjacent to a parking lot at a school in 
Morrisville, Vermont. There are three cells at this site: the overflow drain is visible  
in the first cell; the water inlet with filter for sediment/pollutants is visible in the lower-
left of the image. Middle: Rain garden adjacent to Gas Lot building in Middlebury, 
Vermont captures stormwater from rooftop and the parking lot. Bottom: Rain garden 
adjacent to parking lot at Redstone Lofts in Burlington, Vermont
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Pathways and bicycle storage racks can also be integrated along dividing islands to 
facilitate pedestrian and cycle-friendly circulation.

Wet ponds for larger-scale development

In order to provide water-quality and -quantity treatment on larger sites, constructed 
wetlands or “wet ponds” that have a permanent pool of water throughout the year 
can be constructed to offset the runoff from development. The University of 
Vermont’s stormwater treatment facility for the Southwest Campus Watershed  
is classified by the U.S. Environmental Protection Agency as a “wet extended 
pond” since water treatment is split between an upper detention storage (forebay) 
and the permanent micropool. Drainage pipes channel the stormwater into one  
of two forebays in the upper pond. The forebays are 4–6 feet deep and essentially 
pre-treat the water before it enters the permanent micropool chamber of the  
pond. During storm events, water is detained in the forebay and then slowly released 
over a 12–48-hour period into the micropool. Large, coarse sediments settle to the 
bottom of the forebay. Maintenenace can therefore be done in the smaller forebay 
rather than having to dredge the main pool. Stone weirs between the forebay and 
the micropool ensure the sediment does not flow into the micropool. Water  
and sediment from the forebays then flow into the aquatic bench – the shallow area 
of the pond that contains aquatic plants that provide nutrient uptake – and ultimately 
into the main portion of the pond (the micropool), which provides detention  
and the settlement of smaller particles. The micropool geometry is longer than it is 
wide to provide more effective distribution and treatment of stormwater. (The  
EPA recommends a ratio of at least 1.5:1.) The lower pond provides redundancy 
that can decrease flow rates exiting the facility and provide additional storage/
treatment in larger and/or extreme rainfall events. Check dams at the outlet end  
of the facility provide further control for discharge rates for water entering the 
adjacent Englesby Brook, which ultimately drains into Lake Champlain. The entire 
facility captures 90 percent of the annual storm events and removes 80 percent of 
the average annual post-development total suspended solids and 40 percent of the 
average annual post-development total phosphorous load.5

Permeable pavement and reinforced turf systems

As previously mentioned, traditional forms of concrete and asphalt are impermeable 
and therefore increase stormwater runoff and subsequent pollution and sedimenta-
tion into waterways. Permeable pavement, on the other hand, allows water to 
infiltrate the pavement and drain into the subsurface stone infiltration bed and/or 
filtrate to the soil and water table. Permeable pavement systems include interlocking 
or grid concrete pavers that allow water to pass through the “cracks” or void spaces 
and porous concrete/asphalt that is manufactured without fine particles to allow for 
void spaces in the concrete itself.
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FIGURE 7.4 University of Vermont Southwest Stormwater Treatment Facility

Source: Map created by author; Orthophotography courtesy of Vermont Center for Geographic 
Information.

Several studies have shown that permeable pavement effectively reduces runoff 
and improves water quality. Between 2006 and 2007, a parking lot at North 
Carolina State University was built to test the effectiveness of different types of 
permeable paving. The lot consisted of a control section of tradition impermeable 
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asphalt, a section of porous concrete, two types of permeable interlocking concrete 
pavers with different void ratios, and concrete grid pavers filled with sand. All four 
permeable pavement systems significantly reduced surface runoff volumes and peak 
flow rates when compared to standard asphalt.6 The permeable interlocking concrete 
pavers with the larger void and the concrete grid pavers also generated significantly 
lower outflow volumes than asphalt and the other permeable pavement sections 
evaluated.6 An earlier study at North Carolina State also found both interlocking 
concrete pavers and concrete grid pavers to have infiltration rates comparable to 
those of grassed sandy loam soil when they were sited in sandy soil environments.7 
These studies, along with previous studies conducted at the University of Washington 
and in the United Kingdom, also showed that pervious pavement effectively filtered 
pollutants such as lead and automotive oil.7

Reinforced turf systems can also be used in parking lots, driveways, and low-
volume roads to prevent soil compaction. Such systems consist of a grid constructed 
of plastic or concrete placed on the soil to provide structural support for vehicles. 
Vegetation and/or turf grows between the cells. The first of the two studies at 
North Carolina State University also found that cells maintained with vegetation 
have three times the infiltration rate as compared to cells with minimal or no 
vegetation.7

FIGURE 7.5 Close-up of upper pond at University of Vermont Southwest Stormwater 
Treatment Facility
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FIGURE 7.6 Top left: Porous pavement; Top right: Interlocking concrete pavers; 
Bottom left: Grass grid with pavers in void space; Bottom right: Concrete grid pavers 
with grass in void space

REMEDIES FOR EXISTING DEVELOPMENT: REIMAGINING 
THE SHOPPING MALL

As people began flocking to the suburbs after World War II, large indoor 
shopping malls were developed and became pseudo-town centers where 
people could shop, eat, and gather. Unlike their Roman forum and Greek agora 
predecessors, suburban shopping malls were not developed in or near dense 
areas. To maximize profit, developers often sought the least expensive land and 
assumed that already auto-dependent suburbanites would not take issue with 
driving to these mega-centers. Victor Gruen designed the first inward-facing 
mall in 1956 in Minnesota, and since then nearly 1,200 enclosed malls have 
been built in the United States.8 The mall construction frenzy peaked in the 
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early 1990s and has since declined dramatically, due to the rise of internet 
shopping. The result has been malls losing shoppers and stores, and subsequently 
becoming physically rundown and deserted.

In order to compete with the internet, mall owners are starting to realize 
that they have to provide an experience that attracts people to the space.  
In addition to the retail and dining space already inherent in shopping malls, 
adding a more diverse mix of uses – including office, residential, recreational, 
and entertainment – may transform these inward-facing ghost towns into 
compact village centers. As an enclosed mall is essentially a recreation of a street 
market place, it is entirely conceivable to redesign the exterior into a real street 
market place that is integrated with the surrounding town. Parking can be 
reconfigured in a more urban street grid to create a mix of both indoor and 
outdoor agorae. Housing can be built on the green rooftops of the retail stores, 
with views of both interior and exterior mall courtyards. Vacant retail space can 
be infilled with office space, health clubs, and theatres, and circulation space 
can include running tracks, climbing walls, water parks, pools, ice-skating rinks, 
solariums, and even interior canals that can be used for kayaking. Similar to 
urban centers, clustering uses in such a large space may also eliminate the need 
to drive between numerous destinations in a community. Indeed, what was 
once a culprit of sprawl can be reinvented to combat sprawl.

Underground parking and parking structures

Ideally, a large portion of our parking needs should be built underground. Buildings 
in dense urban areas often incorporate parking in the basement to address the 
scarcity of parking on or off the streets. The same strategy can and should be applied 
to areas where land is available – if the urban areas can do it, the rural areas can, too. 
Just because there is ample land available, that does not mean it should be paved 
over for parking. Developers and landowners are often opposed to building 
underground parking due to the additional costs involved in the excavation. This 
cost-driven paradigm needs to change. As with many sustainable design solutions, 
a higher initial investment often yields economic, environmental, and social benefits 
in the long term. Development that preserves open space that is designed with the 
landscape ultimately leads to increased value not just for the building itself but for 
the surrounding community.

Many opponents of underground parking also cite concerns about safety, 
convenience, and energy requirements of keeping dark spaces adequately lit. Once 
again, such concerns can be addressed with proper design. Natural light can be 
incorporated through the use of skylights and light tubes. This alleviates the electrical 
lighting demand and provides a more aesthetically pleasing environment. As far as 
safety is concerned, underground parking can actually be safer than large outdoor 
parking surfaces since access and egress are easier to monitor and/or control.
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FIGURE 7.7 Top: Skylights above an underground parking area; Bottom: Green roof 
and solar panels on the top level of an elevated parking structure at the Burlington 
International Airport
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Where the site is not suitable and/or the budget is unfeasible, an alternative to 
underground parking is to construct aboveground parking structures. Parking 
structures can contain green roofs, solar panels, and/or wind turbines on the top 
layer and incorporate usable space on the ground level, such as retail, residential, or 
office space. Such ground-level occupancy prevents dead space at the street level 
and fosters a more pedestrian-friendly, human-scaled environment. Parking 
structures do not merely have to hold cars – they themselves can create greenspace 
and be sustainable works of design. Many urban areas, college campuses, and airport 
terminals that are often plagued with parking quandaries are already replacing their 
large surface parking lots with peripheral and/or underground parking structures.

Compact development and parking

If communities embraced compact, transit-oriented designs, the need for parking 
would be greatly reduced. Compact development can cluster mixed-use facilities 
within a walkable radius, thus enabling joint-use parking and reducing the need for 
separate parking lots. As previously mentioned, public transit and incentives not to 
drive can reduce vehicles and decrease the need for more lanes and parking. Where 
public transit options are available, limiting parking often encourages transit ridership, 
bicycling, car-pooling, and walking.

Every community, irrespective of its size and population, should employ stringent 
growth boundaries to conserve open space. In her book The Urban Oasis, Roxanne 
Warren describes her vision of compact development: “As capillaries threaded 
throughout the urban area making use of shared modes of transportation on region-
wide arteries.” She also describes a symbiotic relationship between guideway-related 
development, the densification of such clustered capillaries, and the subsequent 
conservation of open space between the capillaries.2

FIGURE 7.8 Sprawled development versus compact development: the “Atomic Model.” 
Left: Dispersed/sprawled patterns of development from auto-centric planning;  
Right: Clustering development into compact nodes and implementing growth 
boundaries can conserve land between urban and suburban centers. Rail transit between 
the nodes and mixed-use development within the nodes can decrease vehicular demand 
and subsequent roadway and parking surface expansion
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BUILDINGS AND ROOFTOPS1

KEY POINTS

➣	 Buildings account for roughly 41 percent of energy consumption and 
nearly half of the carbon dioxide emissions in the United States.

➣	 The United States Green Building Council established LEED (Leadership in 
Energy and Environmental Design) in 1993. While LEED is better than no 
system at all, a better policy would be simply to require all new buildings 
to be constructed as net-zero energy buildings (NZEB), meaning the 
building meets all of its energy needs through renewable sources.

➣	 Green roofs can insulate buildings, absorb rainwater, cool urban areas, 
provide habitat for wildlife, and provide space for vegetable gardens and 
sitting areas.

➣	 Green roofs are categorized based on soil/vegetation depth. Extensive 
systems are in the 3–5-inch depth range; semi-intensive systems are in the 
5–7-inch depth range; and intensive systems are in the 7–24-inch depth 
range. Structures with more than 24 inches of soil depth that are covered 
on three sides are often referred to as “earth-sheltered” structures.

➣	 Green roofs can be networked with each other and connected to green 
walls. Green wall systems can be built on the interior or exterior of a structure.

➣	 Terracing green roofs is a way to break up the verticality of the building. 
The terraces can be used as programmable space, offer a means of egress, 
and connect the inside to the outside.

➣	 Buildings can be infiltrated with green space or built around existing trees/
vegetation through the use of spaces/voids in the structure.

➣	 Buildings can also be built using the trees as structure. Designs can use a 
single tree or a group of trees and can be engineered to cause minimal 
disruption to the health of a tree by using lag bolts or cable-suspended 
structural systems.
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As mentioned in Chapter 1, one of the major culprits impacting global climate 
change and environmental health is buildings. According to the U.S. Energy 
Information Administration, nearly 41 percent of total U.S. energy consumption in 
2014 was consumed in residential and commercial buildings, or about 40 quadrillion 
British thermal units.2 In 2010, the U.S. Green Building Council also estimated that 
buildings were responsible for nearly half of all CO2 emissions from fossil fuels and 
nearly 75 percent of total U.S. electricity usage.3 In urban areas, buildings – along 
with the other vast amounts of concrete and asphalt for roads, parking, and paths 
– can create urban heat islands that put further strain on energy consumption and 
degrade air quality and human health.

The U.S. Environmental Protection Agency (EPA) defines green building as:

the practice of creating structures and using processes that are environmentally 
responsible and resource-efficient throughout a building’s life-cycle from siting 
to design, construction, operation, maintenance, renovation, and deconstruc-
tion; green buildings are designed to reduce the overall impact of the built 
environment on human health and the natural environment by efficiently using 
energy, water, and other resources; protecting occupant health and improving 
employee productivity; and reducing waste, pollution and environmental 
degradation.4

Although green building practices date back millennia, the modern green building 
movement started to gather momentum in the 1990s in the United States. In 1989, 
the American Institute of Architects (AIA) established the Committee on Environment 
and went on to publish the Environmental Resource Guide in 1992. That same year, 
the EPA and the U.S. Department of Energy established Energy Star – a voluntary 
program that helps businesses and individuals save money and protect our climate 
through superior energy efficiency. One year later, the U.S. Green Building Council 
(USGBC) was formed, and in 1998 it established the green building certification 
program known as Leadership in Energy and Environmental Design (LEED).  
To receive LEED certification, building projects must satisfy prerequisites and  
earn points to achieve different levels of certification. There are currently five rating 
systems in the program:

•	 Building	Design	and	Construction;
•	 Interior	Design	and	Construction;
•	 Building	Operations	and	Maintenance;
•	 Neighborhood	Development;	and
•	 Homes.

There are four levels of certification, depending on how many points a project earns:

•	 Basic	is	granted	for	40–49	points;
•	 Silver	for	50–59	points;
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•	 Gold	for	60–79	points;	and
•	 Platinum	for	80-plus	points.5

Although LEED has gained popularity in the design community and built environ-
ment over the past decade or so, many have criticized various aspects of this rating 
system. One major criticism is that LEED justifies unnecessary building. It can be 
compared to fat-free cookies: just because they are fat-free, that does not mean a 
person who is trying to lose weight can eat more than they would if they were eating 
regular cookies. To some extent, LEED is often used as a form of “greenwashing.” 
A LEED-certified building still takes up space, consumes energy, and impacts  
aesthetics. You may often hear the argument, “Yes, but if we built the same-size 
building without LEED certification, it would use more resources.” This is like 
being punched in the stomach and told a punch in the face would have been much 
worse. Building a LEED-certified building that is unnecessary is just as irresponsible 
as building a non-LEED building.

Another criticism of LEED centers on energy. In his book Getting Green Done, 
Auden Schendler (who describes LEED as both “necessary and complicated”) 
discusses the fact that you can certify a building to a high LEED standard without 
too much in the way of energy efficiency: “If climate change is the issue of our time, 
and if the most significant way to address this is through building efficiency, how 
can a building be called green if few to no energy measures are incorporated into 
it?”6 The USGBC was aware of this issue and did increase the baseline requirement 
for energy efficiency in 2007.

Even with a “weighted” points option, it seems LEED can actually inhibit the 
ultimate goal of sustainability since a designer may become too focused on mani- 
pulating and/or meeting the point system rather than providing appropriate design 
measures that meet the needs of the community. On the other hand, the fact that 
the system is simply an optional certification and not part of the building code may 
also hinder any significant impact on the earth. A better system would require all 
existing buildings and new construction to be carbon-neutral by a set date in the near 
future. Rather than focusing on good publicity and hanging up a plaque saying the 
building is “green,” why not just do what is best for the planet? Truly green buildings 
should no longer be merely “low energy”; they should be “net-zero energy.” Net-
zero energy buildings (NZEB) produce enough renewable energy to meet their own 
annual energy consumption requirements. As Bill Maclay states in The New Net Zero:

We can make significant headway by ensuring that every new building lives 
within the planet’s flow of energy. We can decide to build and rebuild only 
buildings that are net producers of energy, either with renewables on-site or 
powered with nearby renewable community systems. From there, we can 
make our communities net producers.7

One good thing LEED has done, however, is bring many of the notions of green 
building into the mainstream. Green roofs, living walls, active and passive solar 
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design, geothermal heat pumps, on-site water treatment, the use of native materials, 
and climate control are just a few strategies that have become more ubiquitous  
since LEED was created. Although a LEED certification may not always equate  
to sustainability, it has at least created a standard where there was none before.  
As to what is truly “green” or “sustainable,” Mother Nature will ultimately have 
the last word.

Green roofs and living walls

Green roofs can be designed for both new and existing structures. Such systems 
usually consist of vegetation and growing medium atop layers of drainage and 
waterproofing. For the purposes of this book, they are classified as extensive,  
semi-intensive, intensive, earth-sheltered, or subterranean. Extensive systems are 
lightweight, with roughly 3–5 inches of soil depth, contain low-maintenance, hardy 
vegetation such as mosses, sedums, succulents, and some grasses, and can support 
around 15–25 pounds/square foot; semi-intensive systems are generally in the 5–7-
inch depth range, contain perennials, sedums, grasses and small shrubs, and can 
support between 25 and 40 pounds/square foot; intensive systems have soil depths 
in the 7–24-inch range, can support 80-plus pounds/square foot, and can be planted 
with perennials, shrubs, trees, and vegetables; earth-sheltered structures have  
3 feet or more soil depth and contain three or more surfaces that are buried by the 
earth (floor, wall, roof); and subterranean structures are completely submerged 
underground. Green roof systems originated in Germany and are quite widespread 
throughout Europe due to governmental legislation and financial support.8 
However, the technology is starting to catch on in North America. Chicago, Illinois 
is the U.S. leader, with roughly 2.5 million square feet of green roofs installed, 
planned, or in construction as of 2005.9

Rooftops are a major culprit of the urban heat island effect. Along with other 
impervious building, roadway, and parking surface infrastructure, they help to  
make urban areas an average of 2–8 degrees Fahrenheit warmer than surrounding 
areas.10 An asphalt, tar, or gravel rooftop typically absorbs around 85–90 percent of 
solar radiation and reflects 10–15 percent.11 Higher absorption and lower reflection 
raise the temperature of a material. Warmer temperatures increase energy demand 
and foster formidable conditions for the formation and trapping of smog and air 
pollutants.

Data from several test sites shows that greening rooftops can effectively combat 
the perils of urban heat islands. On a summer day, a typical asphalt roof can reach 
up to 160 degrees Fahrenheit, while a green roof rarely exceeds 80 degrees 
Fahrenheit.10 The National Research Council of Canada has shown green roofs  
to decrease the average daily energy in a 400-square-foot test building by over  
75 percent, and Environment Canada estimates that greening just 6 percent of 
Toronto’s rooftops (70 million square feet) would decrease summer air temperatures 
in the city by between 1.8 and 3.6 degrees Fahrenheit (equivalent to a 5–10 percent 
reduction).10
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In addition to decreasing the temperature, green roofs also have the potential to 
balance the hydrologic cycle by absorbing rainwater, filtering pollutants, and 
mitigating the spillage issues associated with combined sewer overflows (CSOs), 
where sewage, industrial wastewater, and stormwater are channeled into a single 
wastewater treatment plant. Extensive green roof systems can retain 50 percent of 
a 1-inch rainfall and 50–75 percent of all rainfall annually, and they can delay runoff 
by about 4 hours and slow it by 42–96 percent.10

Green roofs can also be integrated into a larger ecological framework. Green 
rooftops on various buildings can be connected to each other and/or to other parks, 
natural areas, or riparian corridors to create a cohesive network of greenspace on a 
community, urban, or even regional scale. Green roof technology can also be applied 
to walls, a concept known as vertical gardens or “living walls.” A steel trellis or cable 
system can allow clinging plants such as English ivy to grow without damaging the 
building’s façade, or walls can be constructed along similar lines to extensive green 
roofs (see below) by using modular planter systems with structural support, growing 
medium, and in-built irrigation systems.

Extensive green roof systems

As compared to intensive green roofs, extensive green roofs are lighter, less expen-
sive, and require less maintenance. They are also easier to implement on existing 
buildings because of the lower impact to the roof’s loading capacity. An extensive 
green roof has been placed on the George D. Aiken Center at the University of 
Vermont as part of a project to green the entire building. Aiken, as it is commonly 
known, was built in 1981 and has since housed the Rubenstein School of 
Environment and Natural Resources. Ironically, the interior space did not share  
the same “environmental” themes that were taught in many of the environmental 
courses offered in the building. Students complained of dark, dingy, and windowless 
spaces with poor air quality and circulation. So, in 2010, the university began a major 
gutting of the building that became known as “the Greening of Aiken.” William 
Maclay Architects was chosen to lead the design. Construction was completed  
in 2012 and the renovated building now includes a high-performance building 
envelope and windows that are 62 percent more energy efficient than the originals; 
waterless/low-flow fixtures that use 50 percent less water than those in a similar-
sized, conventional building; natural ventilation and lighting; environmental/
energy-monitoring systems; and local, renewable/recycled building materials.

The extensive green roof contains eight different micro-watersheds – six with 
vegetated trays and two control sites without vegetation. In addition to species that 
are commonly used in green roofs, such as sedum and chives, researchers also decided 
to test native Vermont plants, and they are testing the use of biochar, a carbon-rich 
soil additive produced without the creation of carbon dioxide emissions.11 The  
green roof is monitored by tipping buckets that are visible on the third floor to test 
water absorption of the different mediums and the impact of each watershed on 
stormwater runoff.
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FIGURE 8.1 Typical section of a green roof

Note: Modular systems are available that combine the root barrier, drainage mat, gravel,  
filter fabric, soil, and vegetation.
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FIGURE 8.2 Left: Trellis interior green wall system; Top right: Cable system allows 
plants to grow vertically on walls without damaging the façade; Bottom right: Modular 
green wall system

Source: Images courtesy of Good Earth Plants. Bottom right image courtesy of Green Earth Plants.

A multi-purpose solarium was also built on the south façade that houses a natural 
wastewater treatment system, known as the Eco-Machine, that contains a series of 
cascading translucent tanks full of bacteria, algae, plants, invertebrates, and fish that 
naturally treat the wastewater and recycle it for flushing toilets. The groundwork for 
the Eco-Machine technology was developed by John Todd Ecological Design 
between 1969 and 1981; the system in the Aiken Center was designed and built by 
Matt Beam as part of his master’s thesis. The building was awarded LEED Platinum 
certification in 2013 and continues to serve as a teaching/research tool for the school.11

In Vermont, pre-vegetated sedum trays used for extensive green roofs have also 
been successfully installed on the roof of the Heritage Aviation Hangar, atop  
the parking garage at the Burlington International Airport, and atop the Squash 
Center at Middlebury College. Heritage Aviation has an upper 30,000-square-foot 
green roof that retains the first inch of water in a rainfall event; after this, excess 
water is drained to a lower green roof; and, if needed, to a 34,000-gallon under- 
ground storage tank. If the tank fills, the excess is drained to an on-site bio-retention 
basin. The parking lot is also constructed of porous pavement (as discussed in 
Chapter 7). The green roof, collection tank, and pervious pavement combine to 
decrease stormwater runoff from roughly 3 acres of impervious surface area.  
A 29,400-kilowatt-hour (kWh) photovoltaic array is also mounted on the roof’s 
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southern edge: 12 solar hot-water panels heat food-grade glycol fluid that is 
circulated into a holding tank and used to feed solar-heated water into the domestic 
hot-water system. In addition, the site contains a 100,000-kWh wind turbine 
(enough to supply 16 average houses).12 This is an example of how multiple green 
technologies can be combined at a site to increase the overall impact on the 
environment. The rooftop of the parking garage at the Burlington International 
Airport is also combining an extensive green roof with a large solar array.

Another exceptional example of an extensive green roof system on an above-
grade building is the Verdant Laboratory at the California Academy of Sciences. 
The laboratory was designed by the Renzo Piano Building Workshop and contains 
a museum, a planetarium, an aquarium, and several laboratories, collections, and 
offices. The green or “living” roof contains a central glassed-piazza that is flanked 
by seven vegetated domes, two of which are 90 feet in diameter and house a planet- 
arium and a rainforest. The domes were strategically placed to funnel cool air into 
the central piazza. The rainforest dome is dotted with several skylights that not only 
allow in ample light for the plants but can be opened or closed by the building 
automation system (BAS) to facilitate further natural ventilation. The BAS contains 
sensors on the interior and exterior of the building that monitor air quality and 
temperature. In addition to windows and vents, the canopy is made up of 60,000 
photovoltaic cells that are estimated to produce 220 kilowatts of power a year.13

FIGURE 8.3 Extensive green roof systems. Top left: Vegetated trays at the Aiken Center, 
University of Vermont; Top right: Heritage Aviation in South Burlington, Vermont, 
with wind turbine and roof-mounted solar panels in the background; Bottom left: 
Squash Center, Middlebury College, Vermont; Bottom right: Roof of parking garage 
at Burlington International Airport
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The 2.5-acre green roof is composed of seven layers. From lowest to highest, 
these layers consist of: a concrete slab; a waterproofing layer; an insulation layer; a 
drainage layer; an erosion control blanket; 3 inches of soil; and the coconut husk trays 
that contain the plants and another 3 inches of soil. There is also a grid of rock 
gabions that keeps the soil in place and provides walking access.14 The massive roof 
contains enough vegetative space to absorb about 3.6 million gallons of water per 
year – about 98 percent of stormwater.14 When saturated, the runoff is channeled 
into an underground chamber where it disperses into the surrounding landscape. 
Vegetation was selected to attract bird and insect species, but it also had to be able  
to survive the roof’s minimal maintenance/irrigation schedule, shallow soil depth, 
and microclimate. Nine native California species were chosen, including beach 
strawberries, selfheal, sea pink, stonecrop, tidy tips, miniature lupine, California 
plantain, and California goldfield plants. Overall, 1.7 million plants were planted in 
the 50,000 biodegradable coconut-husk trays.14

Data projections predict that the green roof will be roughly 40 degrees Fahrenheit 
cooler than a standard roof; interior temperatures will be about 10 degrees cooler; 
and low-frequency noise will be reduced by about 40 decibels.14 “The living roof 
is the most conspicuous manifestation of the academy’s mission – to explore, 
explain, and protect the natural world.”13

Semi-intensive green roofs

The main dining-hall roof of Atwater Hall, Middlebury College, contains 7 inches 
of engineered soil. Therefore, for the purposes of this book, it is categorized as a 
“semi-intensive.” (The lower roof is only 3 inches in depth, so it belongs in the 
“extensive” category.) According to Mark Gleason et al.:

The planting design for the green roof incorporates exclusively native species 
and draws its inspiration from flowering upland meadows and rock outcrop 
plant communities. Species with bulbs, tubers or shallow roots are utilized 
because they are more adaptable to the relatively thin soils on the roof.  
The pattern for the herbaceous plants and groundcover shrubs is based on the 
visual patterns and drifts of species within a flowering meadow. Plant species 
naturally group into banded patterns that have varying colors and prominence 
from season to season. To encourage these banded patterns, the substrate 
undulates on the sloped roof in order to create bands of varying moisture 
regimes. The planted bands are expected to shift slowly over time as different 
species find their favored habitats; this is seen as part of the natural evolution 
of the plant community.15

Intensive green roofs

As mentioned, intensive green roof systems have deeper growing depths that 
facilitate the planting of larger trees and bushes and even recreational activities.  
In addition to the extensive green roof on Aiken, mentioned previously, the University 
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FIGURE 8.4 Top: Verdant Laboratory; Bottom: Close-up of vegetated dome

Source: Images courtesy of California Academy of Sciences.
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of Vermont has three other intensive green roofs: the 18,000-square-foot roof over 
the loading dock on the west end of the Dudley H. Davis Center, and two smaller 
roofs on the terraces of the University Heights Complex. The Davis Center green 
roof is planted with a variety of drought-resistant grasses, with the taller ornamental 
grasses around the central lawn comprising a fescues/ryegrass blend that requires little 
maintenance or irrigation. The soil depth varies from 6 to 21 inches and can absorb 
between 12 and 42 pounds of water per cubic foot. Overall, the roof can hold up to 
80 pounds per cubic foot, including the soil itself, the grasses, and stormwater.16

The University of Vermont Medical Center also has an intensive green roof on 
the wing of the Radiation/Oncology Unit. The space was designed by Wagner–
Hodgson Landscape Architects and consists of a recreational lawn, a healing garden 
planted with native shadblow serviceberry and ferns, a plaza, and vegetable gardens. 
Rainwater is harvested in a garden shed and used to irrigate the plants and vegetables. 
The vegetables are used to supplement the hospital’s food service, in line with the 
ethics of “responsible site development.” Keith Wagner, the principal of the firm, 
describes the design as an, “abstraction of the aerial patterns of Vermont fields, 
meadows and villages . . . the space is both therapeutic and an educational tool for 
the patients of the Center to learn about nutrition and healthy food production.”17

Earth-sheltered structures

Using the earth to shelter portions of a structure is essentially similar to a large-scale 
intensive green roof system. However, as mentioned, if three or more surfaces  
of a structure (ground, roof, and wall) are buried in the earth, this book classifies  

FIGURE 8.5 Semi-intensive green roof of Atwater Hall, Middlebury College
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it as an earth-sheltered structure rather than an intensive green rooftop. Structures 
can be bermed with earth, stepped into a hillside, or completely submerged under- 
ground. The earth acts not only as structure, but as thermal mass that can be used to 
insulate the structure. Since the earth has a high density, it takes longer to heat in the 
summer and longer to cool in the winter. This “thermal lag” makes it more efficient 
to maintain constant internal temperatures. In addition to energy savings, earth-
sheltered homes also provide privacy, exceptional soundproofing, and protection 
against high winds, tornados, and hurricanes. Design measures must be taken to 
ensure adequate waterproofing, humidity control, and air quality. Concrete construc- 
tion supplemented with waterproof membranes and insulation provides both 
adequate structure and protection against moisture and humidity. Earth tubes can 
also be used to provide fresh air and passively heat and cool the interior. Fresh air 
from the surface is filtered and enters underground tubes where heat is either captured 
from or dissipated to the ground, depending on the season. This “geothermal” heat 
exchange is a component of the passive design discussed in Chapter 3 (maximizing 
natural sources of heating, cooling ventilation without mechanical or electrical 
systems) and can either supplement or be used as an alternative to conventional 
heating and cooling systems.

In regions with cold winters, the exposed wall should ideally face south (in the 
northern hemisphere) and be angled to maximize winter sunlight and provide 

FIGURE 8.6 Intensive green roofs. Top left: Loading dock, Dudley H. Davis Center, 
University of Vermont; Top right: Seating area, Radiology/Oncology Unit, University 
of Vermont Medical Center; Bottom left: Meadow grasses, Radiology/Oncology Unit; 
Bottom right: Water harvesting shed (right rear), raised vegetable gardens (right), and 
perennial/herb bed (left), Radiology/Oncology Unit
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design parameters (such as overhangs and smart glass) to provide shading in the 
summer. Smart glass systems allow the glass to adapt to be either more translucent 
or more transparent, ultimately controlling how much light is absorbed or reflected. 
Some technologies automatically transform when exposed to heat or light, while 
others can be controlled either mechanically or through electric voltage. In regions 
with mild winters and hot summers, the exposed wall should ideally face north  
(in the northern hemisephere).

In general, the steeper the slope, the less excavation is required. Flat topography 
requires more excavation than sloped topography and can thus be more expensive 
and labor intensive. Sloped topography can also provide cascading terraces that can 
be programmable space. The terraces can be used for agriculture (roof gardens), 
gathering spaces, or even as seating for events taking place on the ground level . . . 

FIGURE 8.7 Plan and section views demonstrating how terracing green roofs can create 
usable space
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after all, such design is indicative of an amphitheater. Terraced architecture can also 
make tall structures safer and less daunting. In the event of an emergency, the 
terraces provide a safe means of egress to the outside.

Earth-sheltering on sloped topographies can also minimize the visual impact of 
a structure. This is evident in the proposal for the addition to Lycée Jean Moulin in 
Revin, France by Duncan Lewis Scape and OFF Architecture. From a distance, the 
building seems to cascade down the hillside in a geometrically organic fashion. 
Architect Duncan Lewis states:

This project is strongly based on the fluctuation between the natural and the 
built, by the permanent repeating of materials and of forms, the one never 
gaining the upper hand over the other: the architecture is not camouflaged by 
the landscape or nature and equally the landscape or nature is not manipulated 
by the architect . . . [M]odernity has cut man [and woman] off from his [and 
her] surroundings, a link between man [and woman] and his [and her] context 
needs to be woven once more, especially in respect to architecture.18

A similar technique was employed at the Howard Hughes Medical Institute’s 
Janelia Research Campus in Ashburn, Virginia. The building is 900 feet long and 
270 feet deep, and roughly 180,000 square feet of roof space is bermed into the 
earth.19 Rafael Vinoly, the architect, states, “The landscape is the building – it creates 
a counterpoint between technology and nature that enriches the research performed 
there. It is a highly technical structure in terms of equipment and flexibility, yet the 
entire composition looks like a natural thing”20

The slope of the site does not even need to be that extreme to employ a subter-
ranean or earth-sheltering technique. In Dominique Perrault’s Campus Center for 
EWHA Women’s University in Seoul, South Korea, the building is constructed 
underground with a large linear rift or “valley” down the center that provides 
passage through the campus. Overall, six levels are built underground, the bottom 
two of which are used for parking. The green rooftops are lined with pedestrian 
paths, vegetation, and seating areas and are gradually sloped along the rift, thereby 
providing a functional connection through the campus. This project erases the 
stigma of the building as an isolated object on the landscape that is often an obstacle 
to circulation patterns and/or to views of the surrounding landscape. The Dana 
Medical Library at the University of Vermont also took advantage of a moderate 
change in topography: the roof consists of gardens, terraces, paths, and roadways 
and relates to the roof of the underground parking facility (see Chapter 7).

The building–land fusion need not be exclusive to large-scale commercial  
or public architecture; it can also be done at smaller, residential scales. Architect 
Peter Vetsch’s Nine Houses development in Dietikon, Switzerland represents a 
radical approach to housing. The cave-like houses – which have been compared  
to a Hobbit community – are positioned around a small lake and covered with 1–2 
meters of earth.
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FIGURE 8.8 Terracing roofs into sloped topography. Top: Lycée Jean Moulin, Revin, 
France by Duncan Lewis Scape and OFF Architecture; Bottom: Janelia Research 
Campus, Howard Hughes Medical Institute, Ashburn, Virginia

Sources: Top: Image courtesy of Duncan Lewis, Jean De Giacinto, OFF Architecture, Egis Grand 
Est – BET TCE, Egis Concept Elioth – BET HQE, Echologos – Acousticien Base – Paysagiste, 
and Region Champagne Ardenne; Bottom: Image courtesy of Paul Fetters.

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



FIGURE 8.9 Earth-sheltered buildings. Top: Dominique Perrault’s Campus Center for 
EWHA Women’s University, Seoul, South Korea; Middle: Dana Medical Library, 
University of Vermont; Bottom: Peter Vetsch’s Nine Houses development

Sources: Top: Image courtesy of EWHA Women’s University; Bottom: Image courtesy of Christine 
Thuring.
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The roof construction creates an insulation layer that eliminates the need  
for air conditioning or significant heating. When heat is required, it comes from the 
earth – the geothermal system pumps heat up through 300-foot-deep underground 
ducts. The houses use half the energy of normal homes.21

FPT University, Ho Chi Minh City, Vietnam – the building becomes  
the earth

When it is not topographically possible to build into the earth, there is always the 
option to construct buildings to be their own, self-contained “mountains.” This was 
the concept behind Vo Trong Nghia Architects’ design for FPT University in Ho 
Chi Minh City, Vietnam. The central building’s floors are staggered and integrated 
with pockets of trees and vegetation. Indeed, the building will resemble a small 
forested mountain that will effectively disrupt the verticality that dominates the 
city’s skyline. Greenery from the levels is connected to a central courtyard and 
around the perimeter of the building. According to the architects:

Cities, especially in thriving countries like Vietnam, are growing at such  
speed that infrastructure is unable to keep pace; environmental stress is  
observable through frequent energy shortages, increased pollution, rising 
temperatures, and reduced greenery. Ho Chi Minh City illustrates these 
issues, having only 0.25% of the entire city covered in greenery. This sprawl-
ing metropolis has a primarily flat landscape that is dominated by vertical 
straight buildings.

To engage the city in a different way, FPT University will appear as an 
undulating forested mountain that grows out of the city of concrete and brick. 
This form creates more greenery than is destroyed, counteracting environmental 
stress and providing the city with a new icon for sustainability.

To accommodate the high flow of 5,000 students at one time within a 
limited plot, ample green space is dedicated to circulation and gathering.  
On the ground floor, a large courtyard contains high trees, a pond, and  
plentiful space for lectures, events, exchange, or having lunch. From here,  
a semi-outdoor garden carves through the building and connects each  
function with greenery. This path continues onto the roof, covering it with 
vegetation and creating more opportunity to gather and observe the lush 
scenery. Additionally, the building façade is covered by trees that cleanse the 
air and reduce energy consumption by producing shade. The combination of 
green devices creates a connection to nature that can be felt anywhere in the 
building.

FPT University has been designed towards a harmony between humans 
and nature. The building will aid the recovery of greenery that once flourished 
in this land and foster a new generation of thinkers.22

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



158 Buildings and rooftops

Covering reservoirs

In order to protect the public water supply from disease-causing microorganisms 
and contaminants (especially Cryptosporidium) and acts of terrorism, the U.S. 
Environmental Protection Agency developed the Long Term 2 Enhanced Surface 
Water Treatment Rule (LT2 rule) in 2005 to improve the quality of drinking  
water. The rule requires that uncovered finished water reservoir systems be either 
covered or retreated to inactivate 4-log virus, 3-log Giardia lamblia, and 2-log 
Cryptosporidium.23 While covering previously uncovered reservoirs may detract  
from the aesthetics of the landscape surrounding the water source, the covers can 
employ the same green roof technology that is used for building rooftops, depend-
ing on the structure of the lid. The tops of reservoirs can often provide new open 
space in dense, urban areas that are land-locked and pressed for greenspace. The  
city of Seattle, for example, is in the process of adding 76 acres of new park land 
atop reservoirs’ decks; the deck parks will be “intensive” and include running tracks, 
sports fields, picnic grounds, and unprogrammed lawns.24 Obviously, vegetation has 
to be selected that will not penetrate the structure and jeopardize the water supply. 
Extensive tray systems can also be employed on reservoir covers that are constructed 
with lighter materials.

Infiltrating structures with greenspace

An interesting alternative to conserving nature without applying greenspace to a 
surface or using the earth to cover the structure is to allow the landscape into and/
or through the space by building around trees, other vegetation, and fauna. Early 

FIGURE 8.10 FPT University, Ho Chi Minh City, Vietnam

Source: Image courtesy of Vo Trong Nghia Architects.
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renditions of this concept date back to ancient Greece and Rome, where open, 
peristyle courts were placed in the centers of the spaces to funnel natural light and 
the collection of rainwater. Courtyards and atria can indeed break up a structure 
with a large footprint and can decrease the overall density of a project if strategically 
designed.

Buildings and rooftops can also be designed with “void” spaces that allow trees 
and vegetation to grow through the structure. A strategic positioning of structural 
elements can weave a heavily forested area and prevent unnecessary removal of trees 
and excavation of the ground. The diagrams in Figure 8.11 formed part of a student 
proposal for an environmental education center in a forested site employing lattice 
design. The concept was to allow the structure to be symbiotic with and provide  
a link for the forest, coastline, and aquatic ecosystems present on the site with 
minimal interruption to the natural environment. The design employs the terracing  
technique described in the “Earth-shelter” section, earlier in this chapter, but does 
so in more of a “floating” fashion. The roofs of each level are usable space and  
connected by an intertwined ramp down the center of the structure. The voids in 
the roofs of each level and the spaces between each level preserve existing trees and 
allow the natural vegetation to grow through the structure. The lowest level is  
actually below water, giving the user a face-to-face learning experience with nature. 
It was also the intention to harmonize the structure with the topography of the site, 
hence the curvilinear forms.

Similar void methods to preserve existing trees and to have the trees interact  
with the living space were used by Paz Arquitectura in the Corallo House, located 
in a forest near Guatemala City, and by Travis Price Architects in the Hayes 
Residence, Berkeley Springs, West Virginia. In the latter, voids are incorporated in 
both the exterior central courtyard and the interior living spaces. Trees puncturing 
the interior of the space are encased in glass boxes, allowing the trees to thrive while 
simultaneously shielding the interior from the outside elements. The exposed timber 
plank ceilings and parallel strand lumber beams further connect the structure to the 
wooded landscape.

Structures can also be built within the trees themselves. Such treehouse designs 
are not limited to forts for kids or the Ewok village on Endor in The Return of the 
Jedi. Indeed, these design and construction concepts have been employed on  
both residential and commercial scales. Designs can be constructed around a single 
tree or may use multiple trees. The most efficient designs are flexible in that they 
allow the trees and beams to move independently. Space must also be planned 
between the beams and the trees to allow for tree growth. The goal is to provide 
the most structural support while minimizing penetrations into the tree. Designs 
range from small, intimate spaces, such as the Yellow Treehouse Café in Aukland, 
New Zealand or the cable-suspended, “levitating” 4Treehouse by Lucasz Kos  
in Ontario, Canada, to large, multi-towered resorts, such as Ariau Amazon Towers 
Hotel in Brazil or the Tree House Lodge in Limon, Costa Rica.
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FIGURE 8.11 Student proposal for environmental education center
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FIGURE 8.12 Using the trees. Top: Trees growing through glass boxes at the Hayes 
Residence, Berkeley Springs, West Virginia; Bottom: Community Treehouse at 
Oakledge Park, Burlington, VT

Source: Top: Image courtesy of Travis Price Architects and Ken Wyner.
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9
CORRIDORS

KEY POINTS

➣	 Railway, utility, alley, and waterway corridors can be purposed (or 
repurposed) as linear greenways that can network green infrastructure on 
community and regional scales.

➣	 Greenways include biological/ecological corridors, greenbelts, conservation 
corridors, riparian buffers, and linear parks.

➣	 Both abandoned and active rail corridors can be used as greenways. The 
Rails to Trails Conservancy calls these “rails to trails” and “rails with trails,” 
respectively.

➣	 Trails designed on rail corridors provide an exclusive right of way for 
pedestrians separated from roads and auto traffic.

➣	 Abandoned elevated rail corridors, such as the High Line in New York, can 
also be converted into pedestrian ways and greenspace.

➣	 Overhead utilities can be buried in underground vaults. Although the cost 
of burial is high, the long-term environmental, social, and economic 
benefits outweigh the initial outlay. Underground lines improve aesthetics, 
which increases land value, provides more reliable service due to fewer 
malfunctions, improves safety, and reduces potential health risks associated 
with electromagnetic radiation.

➣	 When it is unfeasible to bury utilities, utility corridors can make excellent 
sites for wind turbines and solar arrays. The corridors can also be coupled 
with rail and pedestrian trails, creating “multi-use” corridors.

➣	 Alleys between buildings can be converted to urban gardens and/or can 
contain rain gardens that absorb and/or channel stormwater.

➣	 Preserving, enhancing, and regenerating riparian corridors along waterways 
and coastlines is imperative in order to filter and absorb stormwater runnoff, 
filter pollutants and sedimentation, and prevent erosion and flooding.
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For the purposes of this book, “corridors” broadly encompass any lineage of space 
linking two or more points. They can vary in scale from spanning entire regions  
to comprising no more than a driveway between two buildings. This chapter will 
examine four types of corridors: railways, utilities, alleys, and waterways. Similar to 
roadways, parking surfaces, and rooftops, corridors have the potential to be trans-
formed from dead spaces into multifunctional greenways that can unite fragmented 
habitat and/or provide uninterrupted lineages of land that can be connected to each 
other and/or connect with other parks and greenspace to form a cohesive network 
of green infrastructure on regional scales. Corridors can also provide much-needed 
relief from dense urban areas that lack parks and open space and can rejuvenate 
decrepit neighborhoods by reconnecting social and cultural elements.

Greenways can vary in nomenclature and function and include biological/
ecological corridors, greenbelts, conservation corridors, vegetative/riparian buffers, 
and linear parks, to mention a few.

The various types of greenways share the commonality of consisting of 
corridors of land or water (and networks of such corridors) designed and 
managed for multiple purposes, such as nature conservation, recreation, 
stormwater management, community enhancement, social equity, and scenery 
protection, with an overall aim of sustaining the integrity of the landscape, 
including both its natural and social components.1

Indeed, greenways can have environmental, social, and economic benefits. 
Environmentally, greenways can improve water quality by filtering water runoff, 
improve air quality by providing vegetation that filters airborne particles and gases, 
mitigate floods by providing permeable soil for water absorption, and conserve 
animal and plant habitat by providing a lineage that connects clusters of isolated 
ecological niches. Socially, greenways improve health and wellness by providing a 
means of exercise and physical activity, connect neighborhoods, communities, and 
“people with places,” connect historic landmarks and other natural and/or recreation 
areas, and provide a means of alternative transportation. Economically, greenways 
increase adjacent land value, attract tourists, create jobs, and save money by providing 
a cost-effective, natural way to clean the environment.

Rail corridors

In the late nineteenth and early twentieth centuries, the United States witnessed a 
surge in railroad construction that produced a network of tracks that enabled people 
and freight to be transported between communities, cities, and states.

In 1860, the United States was crisscrossed with 30,626 miles of railroads; by 
1890, there were 200,000 miles. The railroad was a dramatic, visible symbol 
of national union. After 1869, a citizen or even a foreigner could travel 
anywhere through all the states and territories, coast to coast, north to south.2
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In the mid-twentieth century, railroads began declining as a result of passenger 
vehicles, interstate trucking, air travel, and buses:

At the pinnacle of the railroading era, there were roughly 300,000 miles of 
track – today, there is less than half of this original network remaining. 
Although there were some early efforts to preserve rails and/or reuse the lines 
as recreational space, many of the corridors were lost to development, sold to 
the highest bidder, or broken into pieces.3

Such rapid contraction of rail lines forced Congress to amend the National Trails 
System Act and create the Railbanking Program:

Railbanking is a method by which lines proposed for abandonment can be 
preserved for future rail use through interim conversion to trail use. If a line 
is railbanked, the corridor is treated as if it had not been abandoned, preventing 
any reversions that could break it up into small pieces.4

As of 2009, there were 301 railbanked corridors, accounting for about 5,079 miles. 
Of these, 120 corridors (2,764 miles) were open as trails and 72 (1,122 miles) were 
under development.4

Often, portions of lines – railbanked or not – are sold, leased, and/or donated. 
In some states, if the corridor is not railbanked or transferred to a different owner, 
the land often reverts to adjacent landowners. The railroad company may apply  
to the Surface Transportation Board to resume rail service, at which time the trail 
use would be vacated. Often, however, the right of way sits in stalemate and the 
corridor becomes a wasteland plagued with crime, pollution, and decay.

Thankfully, the Rails to Trails Conservancy (RTC) was founded in 1986 with 
the goal of promoting and stimulating trail creation and connectivity. As of 2013, 
it had helped to convert 21,239 miles of abandoned railroad lines to greenway trails, 
with a total of 1,785 trails serving over 100 million users per year.4 In 1999, the 
RTC worked with the United States Department of Transportation to establish  
the Millennium Trails Program. This designates trails into three categories – 
National Millennium Trails, Millennium Trails, and community trails – and aims 
to advance trail-based greenways by increasing public awareness and inspiring future 
greenway development.5

In addition to converting abandoned rail corridors to greenways, design param-
eters can also be initiated that allow active rails and trails to coexist. The Rails to 
Trails Conservancy refers to such design as “rails with trails,” as opposed to the more 
familiar “rails to trails,” discussed above. The trails can be located within or directly 
adjacent to active freight or passenger rail corridors. There are currently 161 active 
rail/pedestrian path designs in the United States and at least 60 in development.6 The 
exclusive right of way offers the same benefits for pedestrians as it does for the transit 
system – an uninterrupted line of travel separated from roadways and auto traffic. 
The shared use also promotes the idea of multi-modal forms of transportation, which 
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can ultimately increase train ridership, walking, and bicycling, and decrease personal 
automobile use. The RTC conducted a survey of 88 rails with trails in 2013  
and found that every trail was open to walking, while approximately 95 percent  
also allowed bicycling, skating, or skiing; 13 percent allowed equestrian use; and  
3 trails allowed limited motorized use (ATV, snowmobile).7

The two biggest concerns with rails with trails are safety and liability. The design 
must provide an adequate buffer between the pedestrians and the trains. This can 
be achieved by fencing, vegetation, berms, ditches, grade separation, and spacing. 
The parameters used are often dependent on the frequency and speed of the trains. 
In the 2013 RTC survey, 60 percent of trails were 30 feet or less from the railroad 
tracks, and more than a quarter reported a minimum distance of between 11 and  
20 feet; some trails were as close as 2 feet to the tracks.7 Nevertheless, data from the 
Institute of Transportation Engineers shows the current shared rail trails to be safe; 
significantly more accidents are documented from bike lanes that run adjacent to 
roadways.6

Although many of the current rails with trails have lease agreements between  
the trail manager and the railroads, rail companies are often apprehensive to enter 
into such agreements because of liability. Indeed, they often require trail managers 
to indemnify them against any liability from accidents. State recreational use statutes 
(RUSs) can also protect landowners from liability. The state of Maine amended its 
recreational use statutes to protect railroad and utility owners in the same way as it 
protects private landowners.6

The Island Line Trail – a rail to trail and a rail with trail

The 12-mile Island Line Trail along the shoreline of Lake Champlain in Burlington, 
Vermont is a good example of a rail to trail and a rail with trail. The entire Island 
Line includes both the Burlington Bikeway and the Colchester Causeway and sits 
atop the former site of a rail line and rail yard constructed by the Central Vermont 
Railroad in the late nineteenth century. The rail line ran 30 miles north to Canada, 
connecting the islands with a series of marble-banked causeways. It was abandoned 
in 1964 and the state of Vermont obtained the right of way in the early 1970s.

Planning for the rail to trail conversion began in 1973; the Burlington Waterfront 
Park and Bikeway were opened in 1986. The latter runs 7.6 miles from the southern 
end of Oakledge Park, through the city of Burlington, and north to the Winooski 
River. In 2004, the 7.6-mile stretch was linked to the 4.4-mile Colchester Causeway 
via a truss bridge over the Winooski River/Delta Park Flood Plain. The causeways 
were originally built on the ridge of a sandbar, and today this section of the path 
offers a dramatic and scenic voyage into the middle of Lake Champlain with 
panoramic views of the Adirondack Mountains to the west and the Green Mountains 
to the east. In addition to Oakledge Park and Burlington Waterfront Park, the trail 
also links Battery Park, North Beach Park, Leddy Park, Star Farm Beach/Park, 
Delta Park, and Colchester Bog Natural Area along with several cultural attractions, 
businesses, recreational facilities, and restaurants. The Island Line Trail and the 

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



FIGURE 9.1 Top: Island Line Trail near Colchester Causeway; Middle: Burlington 
Bikeway through Burlington, along Lake Champlain; Bottom: Burlington Bikeway 
coexisting with active rail line (rail with trail)
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waterfront redevelopment rejuvenated Burlington environmentally, socially, and 
economically and networked greenspace along the shoreline of the lake. The path 
draws roughly 150,000 people a year and has served as a catalyst for additional 
recreation, businesses, festivals, entertainment, and tourism.8

Elevated rail corridors – the High Line, New York

Elevated rail corridors in urban areas can also be reallocated for pedestrian and 
ecological use. The High Line in New York City is currently taking advantage of an 
abandoned elevated railway that weaves through the alleys of the meat-packing 
district in the Lower West Side. The High Line was constructed in the 1930s as part 
of the West Side Improvement Project. The aim of the project was to reduce fatalities 
and congestion on the streets by elevating the rail track 30 feet into the air. The 
1.45-mile-long elevated line ran from the meat-packing district through the West 
Chelsea neighborhood and allowed freight rails a direct passage into buildings. It  
was used heavily for about 20 years, but suffered a large loss in usage as a result of the 
increase in interstate trucking in the 1950s.

The line was last used in 1980 and was subsequently abandoned and slated for 
demolition. However, this was halted as a result of resistance from Chelsea residents. 
In 1999, the Friends of the High Line community-based organization was formed 
with the mission to preserve and reuse the High Line. By 2002, Friends of the High 
Line had gained support from the city council and the Federal Surface Transportation 
Board, and in 2004, the landscape architecture firm James Corner Field Operations 
and the architecture firm Diller, Scofidio, and Renfro were selected to design the 
project. “The design team has sought to capture the quiet, contemplative nature of 
the High Line after trains stopped running, creating a world apart from the streets 
of Manhattan.”9 A pedestrian path lined with vegetation, fixed and movable seating, 
and LED lighting occupies the elevated line, yielding unique views of the Hudson 
River and the city skyline. CSX Transportation donated the High Line to the city 
in 2005. Section 1 from Gansevoort Street to 20th Street opened to the public in 
2009, and Section 2 (20th Street to 30th Street) opened the following year.

Utility corridors

Similar to rail corridors, utility corridors represent another circumscribed lineage of 
space that can double as greenspace for wildlife or even pedestrians but are often 
unusable, hazardous, and aesthetically unappealing. It is estimated that there are 
more than 3 million miles of electric cables across the United States.10 Elevated 
electrical, cable, and telephone utility lines are frequently plagued with malfunction 
and maintenance issues due to damage from wind, ice, and snow. Trees around 
overhead wires and utility poles are often destroyed to keep the lines clear of debris. 
Ideally, more buildings and homes would be self-sustainable and generate their own 
power through renewable sources of energy, reducing the need for grid expansion. 
However, until self-sustainability becomes a reality, the existing grid of elevated 
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FIGURE 9.2 Top left: The High Line in 1934; Top right: The High Line in 2000; 
Bottom left: Gansevoort Woodland; Bottom right: Design by James Corner Field 
Operations, and Diller, Scofidio and Renfro

Sources: All images courtesy of Friends of the High Line, plus Joel Sternfeld (top right), Iwan Baan 
(middle right) and the City of New York (bottom right).

poles and cables – many of which need replacing – should be placed underground, 
camouflaged, or relocated to minimize the impact on the environment.

Burying lines not only improves the aesthetics of a community but also provides 
more reliable service due to fewer malfunctions as compared to overhead lines, 
improves safety by reducing collisions with poles and accidents from downed wires, 
reduces potential health risks associated with electromagnetic radiation, and increases 
land values. Rights of way can be used as wildlife corridors and as pedestrian spaces 
where voltage levels are safe. Nevertheless, the burial of elevated lines has sparked 
much debate across the country between utility companies, municipalities, zoning 
boards, and taxpayers. The lines can be buried at the same cost as constructing 
elevated lines when excavation is already under way or planned for new construction. 
However, the cost of excavation and burial of existing lines – and who should bear 
that cost – often waylays the sub-grade utility option. Nationally, the cost of burial 
is about ten times higher than for elevated lines, equating to $1 million or more  
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per mile.11 Decisions are also affected by who owns the right of way and/or the 
conditions of any easements given to the utility company. If the municipality  
foots the bill, it invariably finances the project by increasing taxes. If the utility pays 
for the burial, it invariably increases its rates, once again deferring the cost to the 
consumer. Land developers will often bail out of a bid if they are forced to finance 
the burial.

Often, state and/or federal agencies will partner with the utilities and/or the 
developers to reduce the financial burden on the taxpayer. For example, Sound 
Transit and the city of Seattle partnered to finance the burial of lines in the Ranier 
Valley as part of a proposed light rail project in 2002. Sound Transit financed portions 
along residential neighborhoods while the city financed the commercial portions.  
In 2001, the city council in San Diego, California approved the burial of lines along 
residential streets. The project is being funded by increases in surcharges by AT&T 
and San Diego Gas & Electric over an approximate 64-year time frame. Between both 
utilities, an average household faces an increase of about $3.52 per month ($42.24  
per year), summing to a total of $2,238.72 by the time the project is completed in 
2067.12 By then, 1,000 miles of utility will have been buried at a total cost of $2.3 
billion.12 Spreading the cost over such a long time period is one way to keep the 
financial burden on individual households as low as possible. However, the lengthy 
completion window has left many residents disenchanted that they will never see the 
final result – a common frustration when people are obliged to prioritize the long-
term benefits of sustainability.

Other opponents of utility burial claim underground lines are more difficult to 
reach for maintenance and repair, and that flooding, corrosion, collision with hidden 
lines during excavation, and uprooting trees can cause just as much damage as the 
construction of elevated lines. However, burying lines in concrete vaults with access 
panels can protect them from natural elements, provide easy access for maintenance, 
and prevent accidental collisions when the ground is excavated.

If it is impossible to bury lines due to financial constraints or rugged terrain, 
co-locating utilities with other utilities or rail lines in locations that are offset from 
residential neighborhoods and vistas should be considered. Landscaping can also 
improve the aesthetic of lines that cannot be moved. Utility poles can be treated 
with an exo-skeleton frame and cloaked with plants (similar to the concept employed 
in green walls). In addition, vegetation and tree species can be strategically planted 
so they camouflage the wires without interfering with the mechanics of the utility. 
The mature height, shape, and spread of a tree or shrub species determine the 
spacing and juxtaposition relative to the wire. Shrubs and trees that grow to a 
maximum height of less than 15 feet and require minimal crown reduction can be 
planted under most lines. Trees above 15 feet with narrow crowns can be planted 
in rows along the sides of lines. Trees that grow to significant heights with wide 
crowns should be planted at an adequate distance to minimize potential damage to 
the utility lines and need for frequent pruning.

With the endless debate over where to construct renewable energy projects, 
utility rights of way provide ideal sites for wind turbines, micro-hydroelectric 
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penstocks, and/or solar panels. This averts the need to develop additional land and 
displace vegetation and wildlife for such projects. Overhead utilities might be better 
accepted if they were coupled with green energy projects. Merely seeing the green 
energy sources in the vicinity of the wires may change the perception of utilities  
from mere nuisance to facilitator of clean power. Given adequate dampening from 
vibration, wind turbines could potentially double as utility poles and support wires, 
and/or photovoltaic panels could be mounted on the tops of the poles. Overhead 
utilities can be co-located with wind turbines, railways, and pedestrian paths to foster 
multi-use corridors.

Alley corridors

In dense, urban areas, alleyways between buildings can be retrofitted from dark, dead 
spaces into functional greenspace. As mentioned in Chapter 8, green roof technology 
can be applied vertically to walls, similar to the more common horizontal assembly 
on rooftops. Green walls are hardly a new concept. Creeping vines and ivies have 
invaded the façades of aging buildings throughout history. Although such unstruc-
tured growth can damage walls, this “ivy league” aesthetic is often revered and exudes 
an element of intellectual sophistication, which is why many college campuses and 
governmental buildings are reluctant to remove the vegetation.

FIGURE 9.3 Conceptual rendering of multi-use corridor: utility corridor shared with 
rail line, wind turbines, and pedestrian path
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Green walls can be offset from façades via framed, trellis-like structures or mounted 
onto walls in the form of pre-vegetated modular panels. The former method is  
essentially a larger-scale version of what many people plant in their gardens along 
fences, trellises, and borders. The frame keeps the plants separated from the structure 
to prevent damage to the wall and utilizes both self-supporting and structure-
dependent climbing vegetation, such as vines and ivies. The vegetation is strategically 
placed throughout the structure and trained to weave through the frame, ultimately 
creating a thick blanket of vertical greenspace. Similar to green roofs, wall-mounted 
systems usually consist of trays that contain drainage membranes, irrigation tubes, 
growing medium, and the vegetation itself. Such systems can support a much larger 
variety of vegetation than the frame method. Overall, both systems absorb sound, 
cool urban areas, provide shade, insulate the building, provide habitat for bird and 
insect species, and clean the air.

The ground between alleyways can be designed as pedestrian space (as seen in 
Figure 9.2) or made into a working space, such as an agricultural or stormwater collec- 
tion area. The alleyway garden and/or raised garden beds are common throughout 
much of Europe in dense urban areas where open space is scarce and people want to 
grow their own produce. In some communities, alleyways are utilized for parking 
and/or as driveways. Instead of paving edge-to-edge, modest greening techniques 
can be applied without harming the driveway’s functionality.

Spaces between and/or adjacent to buildings are also ideal for vegetated swales, 
infiltration trenches, and/or rain gardens. Runoff from rooftops that would other-
wise hit the street surface and carry pollutants and sediment into waterways can be 
absorbed and filtered in an alleyway. Channeling rainwater can also become a deter-
minant of form in landscape design and an effective teaching tool that demonstrates 
real-time runoff patterns. Observers can visually follow the path of the rainfall along 
the watercourse to the terminus at the collection pond. Seating areas, interpretation 
stations, and walking paths can be juxtaposed along the watercourse, ultimately 
forging a veritable coalescence of ecological function and landscape design. This 
concept was employed in the University Heights residential complex at the University 
of Vermont.

At Champlain College in Burlington, Vermont, a bio-retention area was created 
at the base of a slope near the admissions building (Perry Hall). Stormwater is 
collected in tanks under the main lawn behind Perry Hall, channeled through a 
gravel field into the bio-retention area, and connected back to the city’s stormwater 
drainage system. Native plants, such as meadow sweet, red-osier dogwood, blue flag 
iris, and cardinal flower, filter pollutants, provide habitat for insects and birds, and 
are aesthetically beautiful.

Riparian corridors

Riparian corridors (also known as riparian buffers) are natural or engineered lineages 
of land and vegetation that border the banks of both standing and flowing bodies of 
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water. They preserve the natural characteristics of the water body they serve by 
filtering sediment and pollutants from runoff before it is channeled into streams, 
protecting water banks from erosion, providing a sink on the flood plain and thereby 
regulating the hydrologic cycle/flooding, providing food and habitat for wildlife, 
and controlling water temperature. Although zoning regulations often dictate 
minimum setback dimensions (often around 100 feet from any watercourse or 
wetland edge), the size of riparian buffers should be determined by the characteristics 
of both the water body they border and the larger watershed they serve.13 For 
example, watersheds with steeper slopes will produce more sediment and water 
runoff than flat slopes and therefore require wider riparian zones. An examination 
of the flood plain can reveal patterns of flooding that are likely to recur over specific 
time intervals (i.e., the 100-year flood plain). Given the current and projected 
increase in extreme weather events, melting polar ice, and subsequent sea-level rise, 
it may be prudent to expand the setback of riparian buffers to cover a 100-year 
flood, given the increased likelihood of such an event. Hurricane Katrina in New 
Orleans in 2005, Hurricane Irene in Vermont/New England in 2011, and Hurricane 
Sandy on the New Jersey coast in 2012 have certainly provided glimpses of what 
will be more commonplace both inland and along coastlines in the near future.

Although riparian corridors are vital, it is estimated that 70–90 percent of the 
United States’ natural riparian vegetation has already been lost or degraded due to 

FIGURE 9.4 “Softening” a driveway with interlocking brick pavers and vegetated strips 
at a residential home in Nantucket, Massachusetts
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FIGURE 9.5 Watercourse between University Heights buildings, University of Vermont. 
Top: Rainwater is channeled down the watercourse, collected in a bio-retention area, 
and recycled for gray-water usage; Bottom: The terminus of the watercourse flows 
under a semicircular gathering space near the bio-retention pond
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human activities.14 In addition to irresponsible land development and urbanization, 
other human impacts from agriculture, livestock grazing, forestry, and flood control 
have severely degraded riparian corridors. In recent times, many regions have reco- 
gnized the severity of this degradation and implemented large-scale restoration  
projects. For example, the Great Rivers Greenway District is an organization in 
Missouri that was created in 2000 as a result of the passage of the “Clean Waters, 
Safe Parks and Community Trails” initiative. The district has developed a master 
plan known as the “River Ring” that envisions an interconnected web of 45-plus 
greenways that will cover over 600 miles along the Mississippi and Missouri rivers, 
ultimately connecting St. Louis City, St. Louis County, and St. Charles County. 
The greenway network includes natural, undisturbed, and restored wildlife and 
conservation areas, parks for active and passive recreation, residential neighbor-
hoods, river towns and cities, agricultural and natural open space, and commercial 
and industrial operations. The guidelines in the River Ring plan recognize that 
ecological and economic goals are mutually beneficial. In addition to protecting and 
restoring the natural features and functions of the rivers, flood plains, and wetlands, 
the plan also emphasizes relationships between the natural features and the human 
realm by highlighting distinguishable characteristics of the Mississippi region  
with respect to history, industry, ecology, and culture. The park and trail system 

FIGURE 9.6 Leaving vegetated buffers along streams and shorelines decreases erosion 
and filters runoff, ultimately improving water quality
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continues to expand and provides direct access to the waterfront and a vast array of 
recreational activities that stimulate regional economic growth, preserve natural 
resources, and generate a new sense of cultural heritage.

Continental-scale greenway: the East Coast Greenway

Similar to the regional EuroVelo project in Europe and the Trans Canada Trail 
project in Canada, construction of a 2,900-mile greenway/shared-use trail system 
from Calais, Maine to Key West, Florida began in 1991. The project was conceived 
by a group of enthusiastic cyclists who eventually formed the East Coast Greenway 
Alliance (ECGA). The north–south spine will be networked with 2,000 miles of 
complementary routes that provide connections to parks, urban centers, greenways, 
and bicycle routes. The principal goal of the project is to separate the greenway  
from motorized traffic wherever possible. This includes utilizing both active and 
abandoned rail lines, grade-separation techniques, and overpasses/tunnels, as discussed 
in previous chapters.

Currently, although the entire route is mapped and in place, only 30 percent of 
the greenway is off-road and considered “complete.” The remaining 70 percent is 
not completely off-road, so the ECGA views it as an interim route. Of the total 
route, 18 percent is under development, 27 percent is defined but not yet under 
development, and 27 percent has not yet been defined as off-road routing.15

The ECGA has developed design criteria for both the permanent off-road route 
and the interim route. In addition to being completely traffic free, the permanent 
route should provide: a firm surface capable of accommodating walkers, cyclists,  
and wheelchairs; a trail that is open and free for public use from dusk to dawn every 
day of the year; a trail that is 12 feet wide where possible; no steep gradients;  
and no uninteresting or “unpleasant” sections. The interim route should provide: 
the most direct link to the existing off-road, permanent segments; the safest route 
for users, which includes choosing streets with the least and slowest-moving traffic, 
the widest shoulders, the best surfaces, and the most gentle gradients; walking routes 
that run parallel to the cycling routes; and routes with access to services and points 
of interest.16

When complete, the East Coast Greenway will link 25 major cities along the 
Eastern Seaboard to provide a truly “alternative” way of traveling down the coast. 
Indeed, it might be ideal for those who are afraid to fly, dislike driving, and do not 
have the patience for the train.
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10
ALTERNATIVE SITES1

KEY POINTS

➣	 The reuse of existing sites and structures should always be considered 
before building on undeveloped land.

➣	 In addition to previously developed sites, brownfields and spaces between 
existing buildings (infill development and bridges) can also be retrofitted 
for use.

➣	 Brownfields can be cleaned using ex-situ technologies or in-situ 
technologies. Ex-situ technologies remove contaminants from the site, 
treat them at a distant location, and return the cleaned materials back to 
the site. In-situ technologies treat contamination in place.

➣	 Contaminants at brownfields can be contained, removed, or treated.
➣	 The original historical elements and/or industrial processes inherent to a 

site can be preserved when repurposing brownfields.
➣	 Sites with depleted oil and gas fields or inaccessible coal seams can be used 

for carbon sequestration.
➣	 Often, developers need incentives to reuse existing buildings rather than 

simply build new ones. The Federal Historic Preservation Tax Incentive 
Program offers a 20 percent income tax credit for historic buildings and a 
10 percent income tax credit for non-historic buildings.

➣	 Existing buildings can be preserved, restored, rehabilitated, and/or 
repurposed for a different use.

➣	 Other alternative sites include on or in water, on cliff-sides, and even in outer 
space. While some of these options may seem far-fetched, they may become 
viable options in the future. Thinking in large timescales often yields new 
ideas for some of the more immediate challenges the earth is facing.
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For the purposes of this book, an “alternative site” is one that could be used for 
development, does not consume undeveloped land, and is not covered in any of the 
preceding chapters. Reclaiming brownfields, reusing existing sites or structures, 
infill development, bridging between structures, and constructing on or under water 
and in outer space all represent options that can meet society’s spatial needs without 
sacrificing more land on the earth’s surface.

Brownfield reclamation

The U.S. Environmental Protection Agency defines brownfields as “abandoned, 
idled or underused industrial and commercial facilities where expansion or redevelop-
ment is complicated by real or perceived environmental contamination.”2 Brownfields 
are the result of the by-products and processes used in the manufacturing, distribu-
tion, disposal, recycling, or generation of chemical, biological, or physical materials. 
Contaminants are deposited in the soil and groundwater and can disperse beyond the 
boundaries of a particular site.

A brownfields cleanup program emerged as a result of the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) of 1980 – 
also known as the Superfund. CERCLA and its amendments established funds via 
taxes on chemical raw materials and their associated industries that finance the identi- 
fication and cleanup of hazardous waste sites that pose a threat to the environment 
and human health. Hazardous sites are first identified and ranked by severity. The 
sites with high and immediate threats are placed in the National Priorities List (NPL) 
for comprehensive cleanup. Over 40,000 Superfund sites have been identified since 
1980; as of 2015, 1,322 were still on the list.3

Prior to CERCLA, other legislation, such as the Clean Air Act of 1970, the Clean 
Water Act of 1972, and the Resource Conservation and Recovery Act (RCRA) of 
1976, had also imposed limits on the discharge of toxins in the air and water and 
banned the unsafe and illegal disposal of solid waste on land. The RCRA regulates 
the construction of landfills and techniques of disposal and requires toxic wastes to 
be pre-treated via biodegradation or incineration so they will not leach into the soil 
or groundwater. It also demands stringent cradle-to-grave monitoring of all waste.

Brownfield cleanup has gained momentum in the new millennium. In 2002, 
Congress passed the Small Business Liability Relief and Brownfields Revitalization 
Act – also known as the Brownfields Law. “The Brownfields Law amended 
CERCLA by providing funds to assess and clean up brownfields, clarified CERCLA 
liability protections, and provided funds to enhance state and tribal response 
programs.”1 A brownfields tax incentive was also signed into law in 1997. This 
encourages the cleanup and reuse of brownfields by making environmental cleanup 
costs fully deductible in the year they are incurred, rather than capitalized and spread 
over time.2

The EPA administers various grants to provide funding for brownfield remedia-
tion: assessment grants, used for planning, prioritizing, assessing sites, and develop-
ing inventories of brownfields, are funded up to $200,000 over three years; revolving 
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loan fund (RLF) grants, which provide funding for a grant recipient to capitalize a 
revolving loan fund and make loans and provide sub-grants to carry out cleanup 
activities at brownfield sites, are funded up to $1 million over five years; and brown-
field cleanup grants, which are used to fund the technologies required to mitigate 
the sites, are funded up to $200,000 over three years.4

The EPA also outlines a recommended process for brownfield redevelopment:

The typical brownfields redevelopment process begins with a Phase 1 site 
assessment and due diligence that provide an initial screening to determine 
the extent of the contamination and any possible legal and financial risks.  
If the site assessment and due diligence reveal no apparent contamination and 
no significant health or environmental risks, redevelopment activities may 
begin immediately. If the site seems to contain unacceptably high levels of 
contamination, a reassessment of the project’s vitality may be appropriate.

A Phase II site investigation samples the site to provide a comprehensive 
understanding of the contamination. If this investigation reveals no significant 
sources of contamination, redevelopment activities may commence. Again,  
if the sampling reveals unacceptable high levels of contamination, the viability 
of the project should be reassessed.

Should the Phase II site investigation reveal a manageable level of contami-
nation, the next step is to evaluate possible remedial alternatives. If no feasible 
remedial alternatives are found, the project viability would have to be reassessed. 
Otherwise, the next step would be to select an appropriate remedy and develop 
a remedy implementation plan. If additional contamination is discovered after 
remedy implementation, the entire process is repeated.4

Converting brownfields into greenspace is often less expensive than similar conver-
sions for residential or other uses because the cleanup requirements are not as strin-
gent.5 Reclaiming degraded industrial space can simultaneously preserve the history of 
the site and create functioning space with a new program. As Tim Collins suggests:

Postindustrial space should reveal the legacy of industrialism, not eradicate it 
or cloak it in nostalgia; create images and stories which reveal both the effect 
and cause of the legacy, and reveal ecological processes at work in the city, 
not eradicate them; build infrastructure which embraces ecosystem processes 
and a philosophy of sustainability.6

Various cleanup technologies can be employed to remediate soil and groundwater. 
Ex-situ technologies remove contaminants from the site, treat them at a distant 
location, and return cleaned materials back to the site. In-situ technologies treat 
contamination in place.4 Choosing the appropriate technology depends on the type, 
variety, and quantity of contaminants, and the physical conditions of the site.

In general, contaminants can be contained, removed, or treated, or some combi- 
nation of all three. Containment can be accomplished by capping or encasing 
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contaminants via slurry walls, piles, encasements, or grout curtains. Monitoring wells 
are set up to ensure there is no leakage into adjacent soil and groundwater. Toxins 
can also be excavated from a site and deposited into a secure landfill at another site, 
or removed, treated, and deposited back at the original site. Contaminants are often 
treated via incineration, chemical oxidation/reduction, soil washing, or ultraviolet 
oxidation. Groundwater can be treated by the vacuum extraction process, where 
contaminated water is pumped out, treated, and returned to the ground. Other 
methods used to treat contaminants at the site can be accomplished through biore-
mediation, phytoremediation, and suction wells. Bioremediation involves the  
injection into the ground of oxygen and microorganisms that naturally feed on  
and break down the contaminants. Phytoremediation uses plants and vegetation  
to extract the contaminants from the soil by direct uptake and stabilize the soil to 
prevent further movement of contaminants by erosion.7 Similar to the vacuum 
extraction process used for groundwater, water and detergents can be injected into 
the ground through a series of peripheral wells and drawn into a central suction well. 
The soil is cleansed, and the contaminated water is pumped out, treated, and injected 
back into the site.7

Reinterpreting brownfields

Rather than merely covering up or “hiding the scars” of the past, many former 
industrial/brownfield sites have preserved some of the inherent original elements  
as a way of both preserving and reinterpreting history. In 1962, the city of Seattle 
purchased a 19-acre site once occupied by the Seattle Gas Light Company’s coal-
gasification plant and repurposed it into a park. The plant had shut down in 1956 
after natural gas became more readily available. Richard Haag was awarded the 
design and master-planning contract in 1970, and the park officially opened in 1975. 
Since the site contained the last synthetic gas manufacturing plant in the world,  
Haag decided to preserve portions of it and incorporate them into the overall design 
of the park. Soil was remediated through a combination of phytoremediation  
and bioremediation. The park consists of an earth mound (the Great Earth Mound), 
constructed from material excavated on-site, a picnic shelter housed in the former 
boiler house, a children’s play barn in the former exhauster–compressor building, and 
several grassed areas. In consequence, Haag has been hailed as a pioneer in transforming 
the negative perceptions of a post-industrial site. What was once an abandoned, 
decrepit, and inaccessible site is now used for concerts, gatherings, recreation, kite-
flying, or simply relaxing and taking in the panoramic views of Lake Union.

Such reinterpretation and brownfield adaptive reuse can also be done on a regional 
scale. The Ruhr River Valley, for example, is roughly a 200-square-mile site that 
runs through the state of North Rhine–Westphalia in Germany. In the first half of 
the twentieth century, iron and steel processing, coal mines, rail lines, and autobahns 
dominated the region. After World War II, the Ruhr Valley, similar to several 
eastern cities of the United States, experienced a mass decline and collapse of industry 
coupled with high rates of unemployment. The local governments found themselves 
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FIGURE 10.1 Top: Gas works, Seattle, 1966; Bottom: Gas Works Park

Sources: Images courtesy of Seattle Municipal Archives (top) and Seattle Parks and Recreation 
(bottom).
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paralyzed by rising social costs, falling tax revenue, and an inability to attract new 
business. In 1989, the Westphalian government commissioned an independent  
planning corporation, the International Building Exhibition (Internationale 
Bauausstellung – IBA), to transform the Ruhr’s image with innovative architectural 
and cultural projects. The IBA employed regional planning methods focused on 
equity, economy, and environment. It established five tenets, including green infra-
structure, urban development and renewal, preservation, housing initiatives, and  
job creation initiatives. Over 120 projects were identified and completed within ten 
years, ultimately creating a regional network of open space, recreation, and cultural 
attractions.

After winning the design competition in 1985, Peter Latz became chief designer 
for the park and had a strong influence on the reinterpretation of the valley. Some 
of the projects included the reclamation of the Emscher River (which had once 
carried industrial and human waste), a new stormwater management plan, the con-
struction of pedestrian bridges and interpretive biking routes, displays of experimental 
forms of energy, new aesthetic lighting, the creation of walkways through the facto-
ries, and the 500-acre Duisburg-Nord Industrial Landscape Park (Landschaftspark 
Duisburg-Nord). Many of the buildings have also been repurposed for new and 
interesting functions, including the conversion of an old gasometer into a scuba 
center, old ore storage bunkers into alpine climbing gardens, a blast furnace into a 
viewing tower, and a former casting house into a ropes course. At night, multicolored 
lighting illuminates the buildings to recreate the life that flourished when the factories 
were operational.

The concept of “minimal intervention” was employed with the intention of 
preserving the historical story by leaving certain artifacts of the past in place. Visitors 
can get a glimpse of the past, the present, and the future as they walk through  
the park on walkways that follow the routes of old rail lines or water drainages. The 
success of the Ruhr Valley project lends much hope to decrepit regions throughout 
the world . . . and particularly to Rust Belt regions in the northeastern United States. 
The Ruhr can teach such regions how to reinterpret and reclaim space through the 
fusion of industry and nature, regional planning initiatives, money renegotiation,  
and the preservation of culture. Ultimately, these strategies can facilitate sustainable 
development.

Brownfields can also be ideal sites for alternative energy projects. Wind turbines 
are often rejected because of site issues and their visual and/or environmental 
impacts. Many brownfields are essentially dead spaces located in industrialized areas, 
far away from public use or views. Energy projects can resurrect such forgotten 
spaces by bringing new life to them. The old and the new stand side by side, and 
one can get a glimpse of the past and the future in one vista.

Carbon dioxide capture and sequestration

Brownfields that contain depleted underground oil and gas fields or inaccessible coal 
seams can make ideal sites for the sequestration of carbon dioxide. The gas can be 
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FIGURE 10.2 Landschaftspark Ubersicht. Top: Site overview; Bottom: Landschaftspark 
Lichinstallation (light installation)

Sources: Photos by Udo Becker (top) and Horst Zielske (bottom), both courtesy of Claudia 
Kalinowski/Landschaftspark Duisburg-Nord.
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captured from power plants or industrial processes, transported, and injected into 
underground, porous rock formations. The porous layers are then capped with non-
porous layers of rock that prevent the CO2 from escaping. Carbon can be captured 
post-combustion, where carbon from fossil fuel exhaust is dissolved into liquid and 
then compressed for transport, or in pre-combustion, where fossil fuels are burned 
in pure oxygen rather than air, which yields a mix of carbon dioxide and water vapor. 
The water vapor can be condensed, allowing pure CO2 to be extracted, compressed, 
and piped away for storage. There are currently over 120 facilities capturing carbon 
in the United States, and the U.S. Department of Energy estimates 1,800 billion to 
more than 20,000 billion metric tons of CO2 could be stored underground throughout 
the country, equivalent to 600 to 6,700 years of current-level emissions from large 
stationary U.S. sources.8

Adaptive reuse of existing sites/structures

Since the latter half of the twentieth century, adaptive reuse projects have been 
conducted across various urban and architectural scales, ranging from entire districts 
to single living spaces. Some prominent adaptive reuse projects include the trans-
formation of the Bankside Power Plant to the Tate Museum of Modern Art in 
London (Tate Modern), the reclamation of the Emscher River in the Ruhr Valley 
of Germany (discussed in the previous section), the High Line in New York City 
(discussed in Chapter 9), and the Centre National de la Danse in Paris, to name  
a few. In addition to preserving history, adaptive reuse also presents another land 
conservation solution that provides alternative spatial needs without having to  
construct new projects on undeveloped land. Existing buildings can be preserved  
if essential elements and materials are intact, restored if elements were modified 
from the original state, or rehabilitated if there is extensive damage. In many cases, 
uses can be adapted for entirely different functions than originally intended without 
altering their historic character. Such adaptive reuse can provide a sustainable means 
of development by preventing unnecessary new construction and subsequent 
sprawl, and can rejuvenate urban centers, foster compact forms of development via 
urban infill, and preserve cultural heritage.

Given the amount of vacant building stock in the world, it is difficult to compre-
hend why we continue to develop open land with new construction. For example, 
it is estimated that there are close to 77,000 federally owned buildings that are  
either empty or underutilized across the United States. The Office of Management 
and Budget says these buildings could be costing taxpayers $1.7 billion a year.9 In 
New York City alone, data released by Picture the Homeless and the Center for 
Community Planning and Development at Hunter College indicates that there are 
more than 3,500 vacant buildings in neighborhoods across the five boroughs, with 
enough space to house the city’s entire homeless population.10 In 2009, just after  
the recession, Bloomberg reported there were 18.7 million vacant homes across the 
United States, including foreclosures, houses for sale, and vacation properties.11  
A recent article about a proposed new tower in Paris called the “Tour Triangle” 
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generated much debate since the city and nearby suburbs currently have over a 
million square meters of vacant office space.12 Granted, many of these properties are 
beyond repair and it is simply easier, safer, and less expensive to tear them down. 
However, even if they are demolished, reusing a lot in an already-developed urban 
area can certainly conserve land by preventing new construction in an undeveloped 
area. It is always disheartening to see new developments erected in new locations 
without even considering the reuse of existing vacant buildings or lots.

One solution to this “oversight” is to offer incentives for rehabilitation projects 
that are equal to or better than new construction projects. Prior to the Tax Reform 
Act of 1976, the federal taxation policy contained accelerated depreciation rules  
that encouraged property owners and developers to tear down old buildings in  
favor of new construction to recoup investment dollars quickly.13 The Tax Reform 
Act launched what is known as the Federal Historic Preservation Tax Incentives 
Program. This is administered by the National Park Service and the Internal Revenue 
Service in partnership with state Historic Preservation offices, and since its creation 
in 1976, it has leveraged over $69 billion in private investment to preserve 39,600 
historic properties.14 The current program offers two tax credits: a 20 percent income 
tax credit for the rehabilitation of historic, income-producing buildings that are 
certified by the Secretary of the Interior and the National Park Service; and a  
10 percent tax credit for the rehabilitation of non-historic, non-residential buildings 
built before 1936. To qualify for the 20 percent tax credit, the building must be 
depreciable, expenditures must be greater than $5,000, the property must be returned 
to use, and it must be a certified historic structure when it is placed in service.14  
To qualify for the 10 percent tax credit, the building must be rehabilitated for  
non-residential use and must meet three criteria: at least 50 percent of the existing 
external walls must remain in place as external walls; at least 75 percent of the exist-
ing external walls must remain in place as either external or internal walls; and at 
least 75 percent of the internal structural framework must remain in place.14 There 
are also tax benefits for historic preservation easements where a property owner  
can protect properties by restricting development on land that has historic, architec-
tural, or archaeological significance. The owner can then transfer the stipulations/
restrictions to a conservation/preservation organization or donate the easement in 
exchange for a federal income tax deduction.

Since many historic buildings pre-date current zoning and building permit regu-
lations, rehabilitating a building may prove to be both financially and physically 
challenging. Zoning may also restrict certain uses, limiting the reuse options. 
Modifying the regulations to grandfather in certain physical features of the building 
that may be difficult to change and allowing for a mix of uses can increase interest 
in adaptive reuse. For example, in 1999, Los Angeles adopted an Adaptive Reuse 
Ordinance that encourages the conversion of existing buildings to residential  
uses, such as apartments, condominiums, live/work units, or hotels. The ordinance 
expedites the approval process, waives density restrictions by not limiting the 
number of housing units in a project, grandfathers in non-conforming floor areas, 
setbacks, and heights, allows mezzanine spaces to be added as long as they do not 
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exceed one-third of the size of the floor below, and does not require new loading 
areas or parking spaces.15 Prior to the ordinance’s adoption in 1999, downtown Los 
Angeles had 18,000 inhabitants and 11,626 residential units; in 2011, it had 29,429 
apartments and condominiums and 46,400 residents.16

Other communities have adopted form-based zoning codes “that foster predict-
able built results and a high-quality public realm by using physical form rather  
than separation of uses as the organizing principle for the code.”17 As opposed to 
traditional zoning (Euclidean zoning) that often zones sections/blocks for single 
uses, form-based zoning could allow a mix of uses as long as these are appropriate 
to the “form” of the building. In theory, a form-based code should increase interest 
in adaptive reuse since there is more flexibility in the allowed uses. In 2010, 
Nashville, Tennessee adopted a form-based zoning code as part of its Downtown 
Community Plan to strengthen the area’s character and pedestrian experience. 
Building uses are allowed to be mixed as long as the interaction between the build-
ing and the street is inviting, safe, and comfortable for pedestrians. The Downtown 
Code (DTC):

calls for a thoughtful mixture of uses including residential, retail and office,  
to ensure that downtown doesn’t close at 5 p.m. or even after the concert 
ends or the restaurants close, but is instead a welcoming home for a diverse 
residential population. Multiple stories encourage multiple uses within each 
building, increasing the likelihood that one of the uses will be active at any 
given hour. Compare this to one story buildings which lack activity during 
the off-hours of the single use.18

In the 28 months prior to the adoption of the DTC, Nashville saw $176 million in 
new building permits (7 percent of the county-wide total); in the 28 months after 
the DTC came into effect, it saw $544 million in private sector building permits – a 
rise of 209 percent and 18 percent of the county-wide total . . . and this was during 
a recession.19

The adaptive reuse of farm structures in Vermont

More modest reuses may not receive as much press, but they still provide the same 
benefits of preserving both historical character and open space by preventing the 
need for new construction. In the state of Vermont, efforts on a variety of scales 
have been implemented to combat housing and commercial space shortages as a 
result of stringent land use regulations. As Vermont has traditionally been rooted in 
agrarian lifestyles, there is an ample stock of vacant farm buildings, including barns, 
silos, carriage barns, milking parlors, stables, stalls, Quonset huts, sheds, and pavilions, 
to mention a few.

An exemplary example of reusing a historic barn for residential housing was com-
pleted in 1983 at the Tracy House complex, Shelburne, Vermont. This complex, at 
5224/5226 Shelburne Road, was built in 1878 and consists of a 2.5-story Italianate/
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Gothic Revival brick house and a carriage house complex to the west. The construc-
tion was commissioned by Charles Lee Tracy and designed by the Reverend 
Edgerton. The main house was built with bricks recycled from the Methodist  
church, also designed by Reverend Edgerton, that once stood on land that is cur-
rently occupied by the church of St. Catherine of Siena, at 72 Church Street.20 Lee 
Tracy was the grandson of Hezekiah Tracy, who settled on what came to be known 
as Southern Acres at Shelburne Farms in the 1780s. Lee finally moved into the brick 
house around 1882, after selling Southern Acres to Seward and Lila Webb. According 
to Truman M. Webster in Shelburne: Pieces of History:

Lee Tracy and his wife Adeline Amanda Peckham were the first to live in the 
house; Lee also operated a wool buying business out the house. Lee died in 
1897 and deeded the property to his eldest son, Julius. Lee’s other two sons, 
Henry and Charles, also lived in the house. Henry lived there until his death 
in 1925 and Charles built a studio adjacent to the first ell on the west side of 
the house in 1933 primarily to compose music and teach on his grand piano. 
At this time, the eastern portion of the house was occupied by Julius’s daughter 
Hannah and her husband Harris. After Charles’s death in 1933, the house was 
deeded to Julius’s son Henry 2nd and his wife Charlotte. They rented the 
house to Dr. and Mrs. James Norton for 14 years, and eventually decided to 
move in to the house in 1959.21

At the age of 98, Charlotte moved out of the brick house, and the property was sold 
to architect Frederick (Fritz) Horton in 1983. Fritz and his firm, Horton–Ptaszynski 
Architects, simultaneously restored the historic elements of the property and modern- 
ized the infrastructure to accommodate residential and commercial activities.  
In the main house, Horton–Ptaszynski constructed offices on the ground and second 
floors, a large studio in the attic for their firm, and two apartments in the  
two western ells. The carriage barn was converted into three apartments. Charlotte 
Tracy was guest of honor at the ceremony to mark the completion of the renova-
tions in June, 1983. She was extremely pleased with the preservation of the historical 
aesthetic and marveled at the innovations. With respect to the carriage house, Fritz 
Horton recalls Charlotte commenting: “That was a barn . . . we didn’t have any 
carriages, just a cow, a couple of riding horses, and some pigs . . . that’s who lived 
out there.”22 Gillian (Jinx) Senior purchased the property in 1991 and has maintained 
the mix of commercial and residential space. She added a glass sunroom to the north 
façade of the carriage house in 2004.

The carriage house complex consists of three interconnected buildings: from 
north to south, what was once the actual carriage house, a farm barn for animals, 
and a storage shed. The horse stall lights are still in place on the west elevations  
of the barn and shed sections. The entire complex measures roughly 3,000 gross 
square feet, with the carriage house portion occupying roughly two-thirds of the 
total. As previously mentioned, Horton and Ptaszynski designed three apartments 
in the complex: upstairs and downstairs apartments in the carriage house portion, 
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and a studio with a loft in the farm barn portion. The shed portion is still used for 
storage. All of the structures have purple-slate gable roofs and green clapboard siding 
with light green eaves, baseboards, and fascia boards.

Two large bays of the carriage house are still evident on the east façade, with the 
southernmost bay now occupied by two entrance doors and the northern bay 
occupied by a pair of six/six sash windows. The hayloft door on the east gable is 
also now a window for the upstairs middle apartment. A cupola, originally intended 
for ventilation, remains in the center, along the ridge of the carriage house roof.  
A window was placed on the south façade of the cupola, and this provides a majestic 
glow of light in the middle apartment. The original shutters on the other façades of 
the cupola are still in place and provide an ideal roosting place for bats, which have 
most likely used the barn as habitat since it was built.

Structurally, the carriage house employs a heavy timber, post and beam construc-
tion with a modified queen post/room-in-attic truss system for the roof portion. 
The new light wood frame structure was integrated between the heavy timbers. The 
Tracy House complex was placed on the National Register of Historic Places  
in 1983.20

Silo structures also provide unique design possibilities for adaptive reuse. 
Agricultural silos are constructed to house grain or fermented feed (silage). They 
range from the massive concrete grain elevator complexes used for municipal storage 
of surplus farm materials to the more common tower silos that are found on many 
farms throughout the countryside. The tower silo, invented by Franklin Hiram 
King, can be constructed from wood, steel, rolled steel shells, concrete/stone/brick 
block, or concrete staves. Sizes can range from 10–100 feet in diameter and 20–300 
feet in height. In the late nineteenth and early twentieth centuries, concrete stave 
silos were the most common form due to ease of construction and concrete’s strong 
compressive strength, which makes it suitable for storing tightly packed material. 
The staves are small concrete blocks pieced together by tongue and groove joints 
and tightly wound by a steel hoop system to compress the silo and prevent structural 
failure. Wood silos were also often wound by steel hoops. Since the compressive 
forces are strongest toward the bottom, spacing of the hoops is often tighter at the 
base than at the top.

The circular design of silos makes for an interesting space that can be adapted  
to a variety of functions. The simple construction also allows for relatively rapid 
disassembly and reassembly, which enables silos to be moved to and from different 
sites – an attribute that benefits both agricultural and adaptive-reuse needs. For 
example, the Silo Restaurant in West Dover, Vermont was constructed in Orwell, 
Vermont in 1890, but it was eventually taken apart, moved to its current location, 
and reassembled. The restaurant also recycled myriad materials, such as lumber, 
stone, equipment, tools, weather vanes, sleds, skis, and toboggans, from various 
farms throughout Vermont for the interior decor. Another disassembly/reassembly 
silo project was completed just outside of Stowe, Vermont, in the town of 
Morrisville. The top third of a tall wooden silo was “popped” and moved from  
a farm a couple of miles down the road to a new location off Route 100 – a sort  
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FIGURE 10.3 The Tracy House complex. Top: Carriage house in 1983, prior to 
renovations; Bottom: Carriage house after renovations

Source: Images courtesy of F.W. Horton & Associates.
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of “parent–child” relationship. Both silos were then refurbished and transformed 
into living spaces.

Quaker Smith Point Water Silo, Shelburne, Vermont

Quaker Smith Point is a teardrop-shaped peninsula that extends westward into  
Lake Champlain from the southwest shoreline of Shelburne Farms. The point was 
first settled by blacksmith William “Quaker” Smith and his wife Elizabeth in 1783. 
The Smiths lived and farmed off the land at Quaker Smith Point, as it came to be 
known, and constructed a family home as well as barns for animals and agricultural 
storage. The property was eventually handed down to William and Elizabeth’s 
grandson Isaac around 1792. According to Erica Huyler Donnis in The History of 
Shelburne Farms:

After Isaac passed away in 1870, his wife Lucinda leased the farm to a tenant 
family and eventually sold it to Seward and Lila Webb in 1886 . . . Seward 
and Lila’s eldest son, Watson Webb, was officially deeded Quaker Smith 

FIGURE 10.4 Silo adaptive reuse. Top left: Original (“parent”) portion of silo, 
Morrisville, Vermont; Bottom left: “Child” portion of the silo, Route 100; Top right: 
Exterior of the Silo Restaurant, West Dover, Vermont; Bottom right: Silo Restaurant 
interior, using parts of the original silo for decoration
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Point in 1913 when he chose Southern Acres as his portion of the outlying 
properties that Seward and Lila were dividing among their four children . . . 
Watson expanded the property by constructing a new silo for water storage, 
a new sheep fold, extensions to the existing barns, and a new house for 
employees and guests . . . In 1935, Watson and Electra Webb gave their eldest 
son Sam use of the farmhouse. Sam also made several additions to the property, 
including a trophy house to showcase catches from his hunting voyages. Sam 
was then officially deeded the property in 1949.23

After Sam passed away in 1988, the property was split between his two children, Holly 
Webb Darling Froud and Sam Webb Jr. Holly and Sam eventually made the difficult 
decision to divide and sell the property. Jon Fishman, the drummer of the band  
Phish, purchased the 18-acre northern parcel of the point in the spring of 2004 and 
lived in what was once the employee/guest house, constructed by Watson Webb. 
Michael and Karen Stone purchased the southern parcel, comprising 15.7 acres, also 
in 2004, and then Fishman’s parcel the following year.

The Stones have since made some remarkable changes and additions to the 
buildings and landscape of the property. These have had the effect of upgrading  
the site while preserving the original colonial aesthetic imprinted by the Smiths  
and the Webbs. In 2004, the Stones hired Vermont-based builder Peter Close to 
disassemble and reconstruct the water silo. Close reused much of the original 
exterior cedar wood to finish the interior walls and recycled other lumber for the 
spiraling staircase. Construction alignment lasers were used to ensure the accuracy 
of the circular geometry. The renovated silo is about 22 feet in diameter, 30 feet in 
height, and contains about 760 square feet of interior space (380 square feet on each 
of the two levels). The new construction features a stronger light wood frame, red 
hand-split cedar shake siding, double-hung windows, and a metal conical roof. The 
water cistern now sits below the silo and still distributes water via the well across 
the property; a yoga studio and a meditation room occupy the ground and upper 
levels, respectively. Windows were strategically placed around the circumference  
of the silo to maximize natural light and provide breathtaking 360-degree vistas that 
showcase the rolling countryside and Green Mountains to the east and the glistening 
water of Lake Champlain and the Adirondack Mountains to the west. The silo can 
be heated in the winter by propane, and it is naturally cooled by the gentle breezes 
off Lake Champlain in the summer.

Infill development and utilizing bridges

Developing vacant or underutilized lots between buildings in dense, urban areas is 
another way to reuse previously developed land for community redevelopment and 
growth management. Such “infill development” can make neighborhoods more 
appealing at the street level by filling a previous void with life, ultimately enhancing 
both the safety and the economic vitality of the community. Similar to adaptive 
reuse of buildings, the reuse of lots may require incentives for developers.
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An alternative to developing from the ground up between buildings is to connect 
buildings at the upper levels with bridges. Traditionally, buildings that are connected 
via bridges are usually owned by the same entity, and the bridges are used merely for 
circulation. A different approach would be to connect various buildings with bridges 
that contain programmable space for work, habitation, or recreation. Indeed, bridges 
can provide an uninterrupted, dedicated network of elevated bicycle and/or running 
lanes that encircle a city. Utilizing air space between existing structures has the poten-
tial to reduce new ground-up construction and, in many cases, the ground under the 
bridges can be vegetated to decrease the area of impermeable surfaces. Although small 
compared to the square footage of an entire building, such bridge space can accu-
mulate and add desired area to urban settings where open space for new construction 
is scarce. As mentioned in Chapter 8, rooftops can also be connected to provide a 
network of new, programmable space that was previously underutilized. Ideally, the 
connected rooftops would be greenspace to provide an elevated park network that 
could significantly decrease the urban heat island effect and stormwater runoff.

Certainly, one difficulty in connecting different buildings is getting the various 
owners to agree and cooperate in the scheme. Many building owners may not want 
the traffic, mix of uses, or liability associated with connecting to their neighbors. 

FIGURE 10.5 Quaker Smith Point water silo. Top left: Original silo with water cistern 
inside; Top right: Cistern being moved; Bottom left: New structural framing; Bottom 
right: View of entrance on south façade of completed silo

Source: Images courtesy of Peter Close (top left and right, and bottom left).
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Similar to trails that follow overland courses, easements, incentives, and liability 
releases would have to be negotiated for the portions of buildings that contain or 
house the connectors.

Similar to utilizing building bridges for usable space, road bridges can also be used 
as sites for renewable solar and wind projects. The open-air surface provides for a 
steady flow of sunlight and/or wind. And, once again, utilizing existing infrastructure 
for the placement of wind turbines and solar panels avoids the exploitation of 
undeveloped land. Such a concept was proposed by the design team of Francesco 
Colarossi, Giovanna Saracino, and Luisa Saracino with respect to the Costaviola 
Viaduct between Scilla and Bagnara, Italy in response to a design competition called 
“Solar Park South.” In addition to incorporating wind turbines into the structure 
of the viaduct, the road surface will be covered in a special type of asphalt produced 
by the U.S. company Solar Roadways that contains photovoltaic cells. The “Solar 
Wind” project, as it is called, will generate roughly 40 million kilowatt-hours of 
electricity from the 26 wind turbines and the solar road.24 A pedestrian route with 
an internal carriageway containing solar greenhouses and a farmers’ market will run 
parallel and slightly above the solar road. Overall, the project not only preserves and 
repurposes the viaduct, but provides renewable energy and a mix of functional  
and recreational uses.

Underwater colonies

Anyone who has read Jules Verne’s classic novel 20,000 Leagues under the Sea or 
viewed such movies as Voyage to the Bottom of the Sea, The Abyss, or The Spy Who 

FIGURE 10.6 Bridging buildings and connecting green roofs
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Loved Me has probably been inspired by the possibility of living underwater. Since 
the earth is about 70 percent water and humans most likely evolved from the oceans, 
it would seem only natural for us to seek shelter beneath the surface. Building 
underwater provides an exceptional alternative to developing ever more land.  
Given that intense storm surges are becoming more commonplace and that rising 
sea levels are inevitable, building with the water is a viable alternative to building 
resistance to the water. Structures can be built on the floor of a water body, can 
cascade up the cliffs of a shoreline, or can even float in water. However, sub-marine 
engineering has many of the same design challenges as the outer-space colonies 
discussed later in this chapter: intense pressure from the water, cold temperatures, 
minimal light, and issues relating to the production of food and the disposal of waste 
are just some of the hurdles to overcome.

Dissolved gases under pressure are a serious problem underwater. In contrast to 
the decrease in atmospheric pressure as altitude increases – as in the case of outer-
space colonies – pressure increases at deeper depths. The air we breathe at sea level 
is comprised of 78 percent nitrogen, 21 percent oxygen, .94 percent argon, and .04 
percent carbon dioxide, and the atmospheric pressure is 14.7 psi (1 Atmosphere). 

FIGURE 10.7 Repurposing a viaduct: Solar Wind, by Francesco Colarossi, Giovanna 
Saracino, and Luisa Saracino

Source: Image courtesy of Francesco Colarossi.
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Since water is heavier than air, it exerts more pressure. According to the National 
Oceanic and Atmospheric Administration:

A one-inch column of water 33 feet tall weighs 14.7 pounds. This pressure, 
resulting from the weight of water, is called hydrostatic pressure. So at a depth 
of 33 feet, a diver experiences atmospheric and hydrostatic pressure equal to 
twice the amount of atmospheric pressure. We call this 2 ATA, one from the 
atmosphere and one from the water. This is called absolute pressure. That 
means our diver is under a pressure of 29.4 pounds per square inch (psi). At 
66 feet down, a diver is at 3 ATA and experiences a pressure of 44.1 pounds 
per square inch, and so on.25

As a person descends deeper underwater, the increased pressure causes more nitro-
gen and oxygen to be dissolved in the blood. The increased nitrogen pressure causes 
nitrogen narcosis, which generates symptoms of euphoria, sleepiness, instability,  
and even unconsciousness. Narcosis usually occurs around 30 meters (100 feet) 
underwater and requires decompression on the ascent to prevent decompression 
sickness (DCS), also known as “the bends.” Decompression can be done inside a 
chamber in the case of extremely deep, high-pressure exposure, or in a series of 

FIGURE 10.8 Conceptual rendering of Solar Wind

Source: Image courtesy of Francesco Colarossi.

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



198 Alternative sites

“stops” at preset depths during the ascent to the surface to allow the nitrogen to be 
released slowly from the body. The severity of DCS and subsequent length of 
decompression time are directly related to depth and the amount of time spent 
underwater. For example, extended underwater habitation experiments, such as the 
58-day Tektite I mission in 1969, required more than 19 hours of decompression 
therapy before the aquanauts were able to return safely to the surface.26 In the 1960s, 
divers started to experiment with saturation diving, where they are exposed for  
sufficient duration that their tissue gases reach equilibrium with the pressure of the 
underwater environment. Once this equilibrium is reached, the decompression time 
does not increase with additional time underwater.27

The first underwater habitat – Conshelf I – was developed in the early 1960s  
by aquanaut Jacques Cousteau. It was eventually constructed ten meters below the 
surface off France’s Atlantic coast in 1962. Two aquanauts lived in the habitat for 
seven days and were among the first people to breathe a mixture of helium  
and oxygen. Conshelf I was followed by Conshelf II in the Red Sea in 1963, and 
Conshelf III in the Mediterranean in 1965, in which aquanauts lived at depths of 
30 meters and 100 meters, respectively.27 Various other underwater living experi-
ments were also conducted in the 1960s and 1970s, including SEALAB off the coast 
of Bermuda, Tektite in the U.S. Virgin Islands, Aquarius, Marine Lab, La Chalupa 
(now Jules’ Undersea Lodge), and the Scott Carpenter Space Analog Station.  
There are also several recreational underwater destinations, including the Hilton 
Maldives Undersea Restaurant in Singapore, Sea World in Florida, and the Red Sea 
Star Restaurant in Israel. In addition, several projects are in development, including 
the Hydropolis Hotel in Dubai, the Poseidon Undersea Resort in Fiji, and aquanaut 
Dennis Chamberland’s Atlantica, which is dubbed the first permanent human 
underwater colony. With the exception of Atlantica, these are at moderate depths 
of between 5 and 7 meters and thus do not require decompression.

Deeper colonies – around the 30-meter mark – are either open to ambient pres-
sure, which means that the interior atmosphere pressure is equal to the surrounding 
water pressure, or closed to the sea with air-locked hatches, whereby interior pres-
sure is less than the surrounding water pressure. Open systems are frequently 
employed in lab settings, where divers are submerged for long periods of time and 
go between lab and surrounding water frequently. Since the pressure inside the lab 
is equal to the water pressure, there is no need for decompression each time the diver 
swims back into the lab. The Aquarius Undersea Laboratory, located off the coast of 
Key Largo, Florida, is an example of an ambient pressure habitat.

Aquarius contains three main components: a life support buoy (LSB) at the 
surface that contains generators for power, air compressors, and communication 
systems; a 120-ton baseplate that is mounted to the sea floor 62 feet below the 
surface; and a habitat cylinder that measures 9 feet in diameter and 43 feet in length. 
Since the habitat sits on top of the base plate, it is at a depth of roughly 47 feet. A 
wet porch (also known as a moon pool) outside the pressure locks allows aquanauts 
access to the water. This remains open as the equivalent air pressure inside prevents 
water from flooding inside. The pressure of the habitat is roughly 2.5 times greater 
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than the atmospheric pressure at sea level. At this depth and pressure, non-saturated 
visitors have less than 80 minutes to visit and return to the surface before they risk 
DCS. The mission aquanauts who live in Aquarius can stay there indefinitely,  
but they must undergo 17 hours of decompression before leaving. At the end of  
this lengthy decompression session, the aquanauts exit the habitat and swim up to 
the surface.25

The decompression chamber is essentially a “closed’ system that maintains sea 
level pressure. Since the habitat portion of Aquarius is at only 47 feet, the air used 
inside is similar to the air we breathe at sea level. However, colonies at greater depths 
require mixtures of helium and oxygen or mixtures with higher oxygen/lower 
nitrogen contents (nitrox) to reduce nitrogen uptake in the body’s tissues. Helium/
oxygen mixtures were used in the Conshelf missions mentioned above.

Closed systems are similar to submarines, where the interior air pressure is 
maintained around 1 ATM. Such systems require heavy construction to withstand 
the pressure differential and either pressure shafts or submarines to transport people 
to and from the habitat. Unlike ambient systems, air mixtures in closed systems can 
be kept closer to those at sea level. The water depth determines the thickness of the 
walls and openings and the types of connections.

In both types of underwater habitat, oxygen must be replenished, carbon dioxide 
must be removed, temperature must be maintained, fresh water must be supplied, 
waste must be recycled, and power must be generated. Oxygen can be supplied 
from pressurized tanks or through the electrolysis of water, whereby the oxygen 
molecules are separated from the hydrogen molecules, while carbon dioxide can be 
removed by scrubbers containing a solution of soda lime. Sea water can be distilled 
into fresh water via distillation plants that remove salt. Electrical power can be 
generated from nuclear reactors, steam turbines, diesel engines, or the sea’s currents, 
using a tidal turbine. Sunlight can be “siphoned” from the surface using solar tubes 
with advanced optics.

In addition to conserving land, underwater designs may provide protection 
against cataclysmic, earth-bound disasters and may also spawn new technologies that 
can be applied to areas prone to earthquakes, flooding, hurricanes, and tornadoes.

Floating cities

An alternative to building underwater is to build on top of the water. Since the earth 
is roughly 70 percent water, the construction of floating buildings or even small 
“cities” represents a strategy of adding land for functional use and also a viable 
response to the inevitable rise in sea levels. Floating buildings can be constructed on 
fixed platforms/columns anchored to the sea bed or on hydraulic/telescoping 
columns that can raise and lower the building dependent on water height, can be 
buoyant, or can sit atop a series of floating pontoons. There have been several con-
ceptual designs for floating cities, including the self-sustainable “Lilypad” by Vincent 
Callebaut, Wolf Hilbertz’s self-forming city via the process of electrochemical col-
lection of sea minerals on a lattice of armatures, naval architect Giancarlo Zema’s 
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“Floating House” and designs for cliff dwellings that rise from the depths of the sea 
and cascade up and along steep shoreline cliffs, and several designs and proposals 
from Koen Olthius’s Waterstudio in the Netherlands. Olthius has designed a 
36-house floating neighborhood in Ijburg, Amsterdam and is currently developing 
a floating city called the “Westland” near The Hague.

Similar to development on land, floating cities need to take into account their 
impact on the surrounding environment, or, in this case, the marine ecosystem. 
Building a floating city or an “artificial island” merely for the sake of luxury or 
“marvel” is not sustainable and not responsible to the earth. The floating city 

FIGURE 10.9 The Water Discus underwater hotel by Deep Ocean Technology

Source: Image courtesy of Krzysztof Koniuszaniec/Deep Ocean Technology.
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concept and the underwater colony concepts mentioned here should really be used 
only as a flooding resilience technique or in an extreme circumstance of land 
shortage. While these strategies indeed provide “alternative” spaces, their impact on 
coral reefs, marine life, and water currents and subsequent erosion/sedimentation 
need to be studied and weighed against their benefits before they are implemented.

However, as mentioned and illustrated at the beginning of this book, storm 
surges and rising sea levels are inevitable and communities adjacent to shorelines  
or situated on flood plains are going to have to rethink development and devise  
new design strategies that work with and/or become resilient to water. In response 
to Hurricane Sandy’s devastation of the northeastern United States in 2013, the 
Hurricane Sandy Rebuilding Task Force of the United States Housing and Urban 
Development (HUD) launched Rebuild by Design – a multi-stage, regional 
planning and design competition to foster resilience and innovative ideas for the 
region. The competition has four stages: a call for proposals and selection of ten 
interdisciplinary finalist teams; analysis of the region impacted by Sandy; design 
development and selection of winning ideas; and implementation. In June 2014, six 
proposals were selected and $920 million was allocated from HUD to New York 
and New Jersey to begin implementation of the projects.28 The winning designs 
consist of a wide range of water-resistive and adaptive concepts, including berms to 
shield and absorb storm surges, green infrastructure for stormwater management, 
water pumps and drainage channels, building retrofits, constructed wetlands, riparian 
buffers, and river corridor improvements, to mention a few. The competition also 
promoted interdisciplinary collaboration between scientists, architects, planners, and 

FIGURE 10.10 Watervilla in Ijburg

Source: Image courtesy of Koen Olthuis/Waterstudio.
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engineers that developed “regionally scalable but locally contextual” solutions for 
the region. The success of Rebuild by Design influenced President Obama’s 
creation of the National Disaster Resilience Competition in 2014, and the Global 
Resilience Design Challenge, launched by the Rockefeller Foundation and the 
United States Agency for International Development to help countries in Africa and 
Asia improve their resiliency to climate change.29

Cliff dwellings

The Ancestral Pueblo (Anasazi) people that resided in the southwestern United 
States left behind some of the best examples of cliff dwellings in North America. 
Many of these examples are visible at Mesa Verda National Park in Colorado and 
can be dated back to 1150–1300 CE. Some of the structures, often referred to as 
“cliff houses,” were built onto the faces of cliffs in levels; other dwellings, known 
as “cavates,” utilized natural alcoves in the cliff face. The dwellings were constructed 
with hand-hewn stone building blocks and plastered over with an adobe mixture. 
They offered protection from invaders, while providing access to farming sites on 
the tops of the mesas.

In the near future, cliff sites may provide a viable alternative to consuming  
“horizontal” land. The Dutch/Greek firm OPA (Open Platform for Architecture) 
has recently showcased a residential design known as “Casa Brutale” that is carved 
from the edge of a cliff. The structure consists of three vertical concrete slabs, a  
glass façade, and a crystalline swimming pool constructed from reinforced glass that 
is set between the walls along the top of the house. According to OPA’s founding 
partner Laertis-Antonious Ando Vassiliou:

Casa Brutale is a geometrical translation of the landscape. It is an unclad state-
ment on the simplicity and harmony of contemporary architecture. It is a 
chameleonic living space, created to serve its owner and respect the environ-
ment. It is the inverted reference to Casa Malaparte, encased and protected  
by the tender earth that has hosted the human civilization for millennia. It is  
a complete study of aesthetics, structure, function and engineering, which 
thoroughly detailed, awaits solely its realization.30

Space colonies

In the morbid event that all of earth’s open space is consumed and/or contaminated 
beyond habitation, the colonization of space might be our last hope. There are three 
major strategies in colonizing space, each of which relies on a degree of techno- 
logical advancement: orbiting space colonies; the terra-formation of other planets, 
moons, or asteroids; and interstellar space travel.

Since the great space race of the mid-twentieth century, there have been significant 
advances in the exploration of space. In 1926, Robert H. Goddard launched the first 
liquid fueled rocket. It reached a height of only 41 feet (12.5 meters), but was soon 
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followed by the first suborbital flight of the German V2 rocket (which ascended  
to 62 miles/100 kilometers). The Russians put a human in space in 1961, while  
the United States’ Apollo 11 mission was the first to land on the moon, in 1969. The 
1970s saw probes sent further into space, including the Soviet Union’s Venera 7, 
which landed on Venus in 1970, the United States’ Viking 1 and 2, which landed 
on Mars in 1976, and the Voyager 1 and 2 missions, which orbited Jupiter in 1979, 
Saturn in 1980, Uranus in 1986, and Neptune in 1989. The first space shuttle, 
Columbia, was launched in 1981, while the last mission, on Atlantis, took place in 
2011. There was a total 135 space shuttle flights over those 30 years.31 Other notable 
achievements include the Near Earth Asteroid Rendezvous (NEAR), which landed 
on the Eros asteroid in 2001, the Spirit and Opportunity rovers, which landed on Mars 
in 2004, and the Cassini probe, which arrived at Saturn in 2004.

In addition to these advances, there has been significant progress in the aerospace 
engineering of space structures. The Soviet Salyut 1 became the first human-
occupied orbital space station in 1971. This was followed by the United States’ 
Skylab in 1973, the Russian Mir station in 1986, and the International Space Station 
(ISS) in 1998. The latter is an international joint project between 15 countries and 
five space agencies: the National Aeronautics and Space Administration (NASA), 
the European Space Agency (ESA), the Russian Federal Space Agency (RKA), the 
Japanese Aerospace Exploration Agency (JAXA), and the Canadian Space Agency 

FIGURE 10.11 Casa Brutale

Source: Image courtesy of OPA and Laertis-Antonious Ando Vassiliou.
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(CSA). The station’s total length is 357 feet (approximately the size of a football 
field, including the end zones). It is powered by eight solar arrays with a wingspan 
of 239 feet and contains 13,696 cubic feet of habitable volume.32 Its primary uses 
are: researching into the human exploration of space; monitoring the earth’s 
meteorological and climatic patterns; and studying human and plant biology in a 
microgravity environment. The ISS may pave the way for larger space colonies in 
the near future.

NASA’s Ames Research Center conducted studies into such larger colonies in 
the 1970s. The colonies were designed to house 10,000 people and consisted of 
toroidal, cylindrical, and Bernal sphere designs. All of the designs employed air-tight 
atmospheres rich in oxygen and nitrogen and utilized rotational effects to simulate 
gravity. According to NASA:

As an orbital space colony turns, the inside of the colony pushes on the inhabi- 
tants forcing them to go around. The amount of this force can be controlled, 
and for reasonable colony sizes and rotation rates, the force can be about 1g. 
For example, a colony with an 895-meter (a bit less than 1000 yards) radius 
rotating at one rpm (rotations per minute) provides 1g at the hull.33

Although a majority of spacecraft and extraterrestrial laboratories are currently 
designed primarily by aerospace and aeronautical engineers, in the future more 
complex colonies will have to employ architects to design and program space, study 
light patterns, plan communities, and develop and monitor human–space interaction 
patterns. Dr. Gary Scott Danford of the University at Buffalo, State University of 
New York, summarized the requirements in a 1994 academic project description:

More specifically, architects, along with various other professions, will be 
challenged with the demographic and professional make-up of the colony and 
its means of selection, notification and segregation from the general population; 
the design of a viable physical environmental system that will be capable of 
sustaining human life in space in an active, conscious and productive state for 
extended periods; the programming of a stable system for social organization 
of the population that will not only provide for their safety and security, but 
also ensure the maintenance of their normal psychological and physiological 
development and well-being; and designing an implementation plan for the 
safe transport of people to and from Earth and the Space Colony.34

Other issues the design must address are power generation, protection from radiation, 
solar flares and cosmic rays, methods to recycle resources and waste, and safe, efficient 
means of transporting people to and from the colonies. In 2004, the first private 
spacecraft – SpaceShipOne – was developed by Scaled Composites. SpaceShipTwo, 
which is currently in development, is the leading candidate for commercial space 
travel. The following description of the original craft is taken from Scaled Composites’ 
website:
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SpaceShipOne is a three-place, high-altitude research rocket, designed for sub-
orbital flights to 100 km altitude. The unique configuration allows aircraft-like 
qualities for boost, glide, and landing. The ship converts (via pneumatic-
actuated feather) to a stable, high-drag shape for atmospheric entry. This “care-
free” configuration allows a “hands-off” re-entry and greatly reduces aero/
thermal loads. Designed for a “shirt-sleeve” environment, the 60” diameter 
cabin has a space-qualified environmental control system, as well as dual-pane 
windows. The ship uses three flight control systems – manual-subsonic, 
electric-supersonic and a cold-gas reaction control system. SpaceShipOne’s 
hybrid rocket motor is a non-toxic, liquid nitrous-oxide/rubber-fuel hybrid 
propulsion system. The avionics onboard provide the pilot with the precise 
guidance information needed to manually fly SpaceShipOne for boost and 
re-entry. It also provides guidance for approach and landing and vehicle health 
monitoring. The unit stores and telemeters flight test data to Mission Control.35

Colonizing other planets

Colonizing other planets, moons, and asteroids also presents considerable design 
challenges for architects and engineers. Unlike an orbiting space colony, there really 

FIGURE 10.12 Space colonies. Top left: Toroidal space colony, exterior view; Top 
right: Toroidal space colony, interior view; Bottom left: Cylindrical space colony; 
Bottom right: Bernal sphere space colony

Source: Images courtesy of Ames Research Center, NASA.
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is no way (unless scientists discover gravitons) to simulate earth-normal gravity of 
1g. For instance:

The lunar surface is at roughly 1/6g and Mars is at 1/3g of Earth. Children 
growing up in such conditions would not be able to develop bones and muscles 
strong enough to return to Earth, and adults would suffer from a weakening 
of muscle and bone mass.33

Similar to orbiting colonies, planets would have to be either terra-formed or self-
contained biospheres, constructed to provide an earth-like atmosphere. In their 
book Islands in the Sky, Schmidt and Zubrin describe the terra-formation process:

The essence of the condition is that while Mars’s CO2 atmosphere has only 
about 1% the pressure of the earth’s at sea level, it is believed that there are 
reserves of CO2 frozen in the south polar cap and adsorbed within the soil 
sufficient to thicken the atmosphere to the point where its pressure would be 
about 30% that of Earth. In order to extract this CO2, the atmosphere would 
have to be warmed by either pumping artificial greenhouse gases into the 
atmosphere, angling orbiting mirrors that reflect sunlight at the planet, or by 
importing ammonia or methane to Mars via asteroids.36

Once the planet is warmed, reservoirs of water deep in the crust would have to  
be released to activate a hydrological cycle, which would in turn release carbon 
dioxide and water vapor. This would then yield bodies of water, microorganisms, 
and the subsequent creation of plants, oxygen, and hydrogen. The other possibility 
is that Mars will eventually warm on its own as the sun continues to expand. In this 
scenario, it is possible that space colonies orbiting the earth will ultimately migrate 
to Mars and settle there.

Although some of these designs might seem far-fetched, thinking on this level 
may be useful if we are truly to engage sustainable design. As previously mentioned, 
sustainability is defined as meeting our current needs without compromising the 
needs of future generations. The question remains, however: how far into the future 
must we plan for? Our universe is almost 14 billion years old, and scientists predict 
that it will live on for at least another 14 billion years, at which point it will either 
approach finality in a “Big Crunch” singularity or continue expanding until it 
becomes complete darkness – the “Big Chill.” Our sun is also not infinite: scientists 
predict it will burn for another 5 billion years or so. Sustainability, therefore, becomes 
a relative concept . . . even before our universe ceases to exist. In addition to natural 
resource depletion and destruction from extreme storm events that have become 
more frequent in recent times, our planet faces more extreme, cataclysmic disasters, 
such as collisions with asteroids, nuclear holocaust, terrorism, and endangerment 
from biological/genetically engineered pathogens, to name a few. Maybe our fate is 
inevitable and such events are simply too large for us to comprehend, or are simply 
“out of sight, out of mind.” But maybe thinking on a grander scale will provide 
solutions to the more imminent dangers our planet faces.
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11
IMPLEMENTING GREEN 
INFRASTRUCTURE

KEY POINTS

➣	 Changes in education, public policy, marketing, and culture are imperative 
to regreen the built environment.

➣	 New academic pedagogies are needed in the design fields – particularly 
architecture, landscape architecture, and urban design – that focus on 
environmental and ecological issues. This can be accomplished by:

■ merging architecture, landscape architecture, and urban design fields 
into one, comprehensive discipline that produces a new generation of 
sustainable/ecological designers;

■	 creating joint degree programs;
■	 shifting the focus in the studio environment away from form-making 

toward more research-based investigation;
■	 creating more required courses in environmental science, sociology, 

urban studies, and ecology; and
■	 creating new degree structures that delineate practice and research.

➣	 Sustainability should also be integrated into K-12 curriculums, both in the 
classroom and through community-based projects.

➣	 New laws and changes to the building code at the federal level can mandate 
that all new buildings have “net-zero” carbon emissions, generate their 
own energy, and incorporate green infrastructure and best management 
practices into the design.

➣	 State and local municipalities can create regional/local master plans and 
zoning regulations that conserve open space and prevent uncontrolled, 
sprawled patterns of development.
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➣	 Tax credits can be issued for green design and/or renewable energy.
➣	 Global climate change should no longer be a partisan issue. The science is 

proven, the data is available, and the effects are happening in front of us. 
We need to keep the pressure on our legislators . . . especially if they are 
still in denial.

➣	 Companies can have an impact on green lifestyles in terms of the products 
they choose to sell and/or how they market those products.

➣	 Graphical and economic projections that show the benefits of future green 
infrastructure can persuade policy-makers, companies, and private citizens 
to get onboard with sustainable projects.

➣	 Changing culture requires cross-sectoral collaboration and community 
inclusiveness. The community design charrette is an effective way to 
encourage broad-based participation and bridge the gap between 
community leaders, designers, and citizens.

The examples in previous chapters of how gray infrastructure can be retrofitted with 
green infrastructure are inconsequential unless they can be implemented extensively 
in the very near future. Although there has been a recent surge in sustainability and 
“green” lifestyles due to the increased awareness of climate change, natural resource 
depletion, and environmental degradation, green infrastructure projects are still few 
and far between when compared to the entire context of the built environment.  
To transform the built environment fully from “gray to green,” environmental 
sensibility needs to become ubiquitous in our culture, education, and professions. 
Fields centered on the built environment – particularly architecture, landscape  
architecture, urban design, planning, and engineering – need an extensive vocational 
change catalyzed by revamped academic pedagogies to foster a neoteric pool  
of environmentally responsible design professionals who can educate and work 
alongside the community to foster changes in building/construction codes, zoning 
regulations, and public policy. These fields also need to communicate the incentives 
of their projects through visualization, quantifiable analysis, and cost–benefit projec-
tions. In addition to design curriculums in higher education, sustainability also  
needs to be integrated in K-12 education both in and out of the classroom to engage 
teachers, students, parents, and community members. Corporations and small  
businesses can do their part by selling and marketing environmentally friendly  
products, media can advertise the latest technologies and publish stories related  
to environmental sustainability, policy-makers can implement more stringent  
regulations that protect the environment and guide future development in more 
responsible directions, and design firms and environmental organizations need to 
provide data and success stories from projects. Ultimately, all parties involved  
need to embrace cross-discipline collaboration and community engagement to 
ensure all voices, problems, and solutions are heard and considered.
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New academic pedagogies

The current approach to the built environment is fragmented due to the compart-
mentalization of the design disciplines – particularly planning, engineering, archi-
tecture, and landscape architecture. In any given project, civil engineers design the 
roads, parking, site grading, utilities, and the stormwater systems; architects focus 
on the design of buildings with little or no consideration of the site; mechanical  
and electrical engineers design heating, ventilation, air conditioning, electrical, and 
plumbing systems; landscape architects are often left to design any spaces that remain 
after the roads, parking, utilities, and buildings are complete. Planning and zoning 
regulations are often viewed as obstacles by all of the designers, causing animosity 
and forcing compromises to the design, for better or worse. Engineers feel architects 
are not technical enough; architects view engineers as number crunchers with no 
design or aesthetic sensibility; developers, project managers, and property owners 
are often most concerned with meeting a budget and/or maximizing profit, which 
means sacrifices must be made in all of the systems and designs . . . even if they are 
good for the environment. Analysis of building or site performance after a project 
is completed is rare; and even if it is undertaken, it is usually conducted by academics 
who are often despised by all the professions. With this amount of disjunction, it is 
easy to see why changing the culture of design and the makeup of the built environ-
ment is so difficult. It is also why the built environment is often out of sync and in 
conflict with the natural environment.

Although it is unrealistic to combine all of these respective fields into one all-
knowing super-discipline capable of addressing the vast array of complex environ-
mental, economic, and social issues our planet is facing, there certainly can be more 
interdisciplinary teaching and research in the academic setting that can foster a new 
generation of more collaborative and environmentally sensitive design professionals. 
In addition to being better able to serve the earth’s needs, a more comprehensive 
design profession will also be more adaptable to the different types of projects that 
are needed to mitigate specific environmental problems. For example, although the 
fields of architecture, landscape architecture, and urban design seem the logical 
choice to lead a new generation of environmentally sensitive designers, their aca-
demic pedagogies are still overly concerned with form-making and visual aesthetic 
and not enough with scientific or environmental analysis. While each field has made 
some modest adjustments to address climate change, architecture still primarily 
adheres to design at the building level, while landscape architecture is often  
marginalized into designing those spaces that remain after the buildings have been 
constructed. This insular approach is not only detrimental to each respective pro- 
fession but deleterious to the earth. As Sim Van der Ryn and Stuart Cowan point 
out in Ecological Design:

Much of what architects have designed since the invention of the camera and 
architectural magazines is heavily influenced by images, by surface rather than 
depth. Architects sometimes boast of the buildings they design without ever 
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visiting the site. The exhibit halls in our leading architecture schools are filled 
with student projects consisting of models of buildings that seem to respond 
only to a cryptic logic of their own. Architecture is sometimes taught and 
envisioned as though sites were interchangeable background slides projected 
behind the manmade object.1

Such narrow focuses are placing architecture and landscape architecture in jeopardy 
of becoming extinct in higher education and displaced in professional practice by 
more specialized fields in the sciences and humanities that are better equipped to 
design solutions to complex problems that our planet faces. Engineers, biologists, 
and ecologists are starting to assume more design roles, dubbing themselves “eco-
designers” or “bio-engineers,” and consuming projects and conducting research  
that should be done by architects and landscape architects. Given the specialized 
technical aptitude of these other disciplines, one might question the need for the 
design generalist at all . . . especially given the complexity of some of the infringing 
global environmental problems. And, after all, we are all inherently designers.

One possible strategy to fend off the attrition of design to engineering and the 
sciences is for architecture and landscape architecture to merge and form a new, 
comprehensive degree that can solve design problems holistically rather than 
insularly. Landscape architecture contains courses in ecological design, land analysis, 
site design, and environmental science that architecture lacks, while architecture 
contains courses in building technology, energy systems, and structural analysis  
that landscape architecture lacks. The fusion of the two fields has the potential to 
produce a new generation of designers with a more comprehensive set of know- 
ledge and environmental awareness that can redefine the approach to the built 
environment. Indeed, the best design solutions in the near and distant future might 
indicate that very few new buildings are needed at all, but rather an improvement 
of existing infrastructure at both the building and site levels and/or design strategies 
that restore/protect the natural landscape, conserve resources, and create renewable 
energy.

Such a fusion would require organizational changes at both the schools and the 
regulating bodies. Many schools offer only one of the disciplines, and some that 
offer both do not do so within the same college. For example, landscape architecture 
is often taught under the auspices of an agricultural or horticultural college, while 
architecture is often taught in its own school or considered part of the humanities 
or fine arts. However, some programs offer both degrees within the same academic 
college, which has made cross-collaboration somewhat smoother, and in some  
cases has fostered the creation of dual degree programs. For example, the Master  
of Architecture/Master of Landscape Architecture (M.Arch/MLA) joint degree is 
currently offered at a handful of schools, including University of California  
at Berkeley College of Environmental Design, University of Massachusetts, 
Amherst, Harvard University, Washington University, University of Pennsylvania, 
and Louisiana State University, to mention a few. There are also several dual  
urban design/architecture programs, and Yale University offers a joint Master of 
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Architecture and Environmental Management. While such programs are indeed a 
step in the right direction and provide precedents for a new merged degree, they 
remain optional and relatively rare, which means we are still graduating students 
from single-style programs with too narrow a focus to compete in the future  
market place. Both architecture and landscape architecture also have “non-pre-
professional plus” tracks where a student completes an undergraduate degree in  
a non-architectural discipline, then the professional degree in architecture at the 
graduate level. Such programs help to produce architects with diverse backgrounds 
since the completed undergraduate degree can be in any discipline. However, given 
the variety of degrees earned, they do not ensure adequate training in environmental, 
ecological, or social issues.

As far as the regulating bodies are concerned, the National Architectural 
Accrediting Board (NAAB) is the sole agency that regulates accredited architecture 
degree programs in the United States. It is comprised of members of the American 
Institute of Architects (AIA), the American Institute of Student Architects (AIAS), 
the Association of Collegiate Schools of Architecture (ACSA), and the National 
Council of Architecture Registration Boards (NCARB). The latter is responsible 
for administering the Architect Registration Exam (ARE). Meanwhile, the 
Landscape Architectural Accreditation Board (LAAB) regulates accredited landscape 
architecture programs. It is comprised of representatives from the American Society 
of Landscape Architects (ASLA), the Council of Educators in Landscape Architecture 
(CELA), and the Council of Landscape Architectural Registration Boards (CLARB). 
The latter administers the Landscape Architecture Registration Exam (LARE). A 
new merged degree would depend on either collaboration between the NAAB/
AIA/ACSA/NCARB and the LAAB/ASLA/CELA/CLARB or the creation of a 
new accreditation agency, professional body, and registration exam that would 
encompass both architecture and landscape architecture. The latter task would be 
daunting, to say the least. However, such a union might also be the most effective 
way to bridge the rift between the natural and built environments and ensure that 
a new integrated degree is implemented at the national level.

The accrediting agencies who are responsible for “advancing” the field ironically 
are the very reason that architecture and landscape architecture have been so slow 
to adapt to change. Since the NAAB and LAAB view architecture/landscape archi-
tecture solely as professions rather than disciplines, the degree structures, degree 
nomenclatures, and course content dictated by these boards preclude academic 
programs from being able to adapt to changes in society, the economy, or the 
environment in a timely manner. The proprietary course content and degree struc-
ture also prevent architects and landscape architects from crossing disciplines, which 
is becoming increasingly necessary in order to devise plausible solutions to some  
of the complex problems we are facing. Other fields, such as medicine, psychology, 
and engineering, offer both a professional track and a research track that are usually 
coordinated. The practice informs the research and the research advances the  
practice. This symbiotic relationship is imperative if a field is to adapt to change. 
For example, medicine offers dual MD/Ph.D. track that provides training in  
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both research and medicine to produce “research physicians”; in psychology, a 
student can earn a Ph.D. or Psy.D. that can be used for both practice and research; 
engineers can get licensed to practice at the master’s level, but can also go on to earn 
a Ph.D. that builds on their master’s degree for research roles. In the United States, 
architecture and landscape architecture professional degree tracks are rarely coordi-
nated with research degree tracks. This absence of a practice–research relationship 
limits architecture’s and landscape architecture’s ability to modify their vocations or 
advance subject knowledge through research and investigation. Practitioners are 
often “type-cast” into specific roles dictated by their firms that limit their ability  
to expand in scope. Academic programs in architecture and landscape architecture 
should follow the model of medicine and offer coordinated professional and  
research tracks at the doctorate level, such as the D.Arch./Ph.D. or D.LA/Ph.D., 
rather than the ambiguous “terminal” master’s degree (M.Arch. or MLA) that is 
often out of place and/or misunderstood by other fields in the sciences and humani-
ties and indeed by society as a whole. This will produce a new generation of 
“research practitioners” who are more capable of branching out into new roles, 
crossing disciplines, and adapting to change, and it will erase the common stigma of 
the architect as merely a “building designer” and the landscape architect as a “garden 
designer.”

The professional degree in medicine also clearly delineates generalized and 
specialized training. Students learn all aspects of medicine in school, sit for their 
boards upon graduating, and then pick an area of specialization in their residency. 
By contrast, in architecture, graduates must complete a lengthy intern development 
program (IDP) administered by NCARB before they can even sit their professional 
exams – a process that takes on average 8.5 years.2 Fulfilling the IDP requirements 
offers few or no opportunities to specialize since the content is overly focused on 
building design.

Although many of the current academic deficiencies could be mitigated with  
an architecture/landscape merger or a national overhaul in course requirements, 
such changes will take time to implement. In the meantime, individual schools can 
take the lead by revamping the culture of the design studio and integrating more 
research into their programs. As it is structured now, the design studio is a massive 
ego-fest that thrives on producing star architects (starchitects), signature designs, and 
innovative forms. Concepts grounded in science, ecology, or the environment are 
often belittled if they do not produce a certain “awe” factor. Seeing design studio 
makes up about one-third of the credits, more of the time could be spent on scholarly 
research into the problem rather than on the dogmatic arts and crafts form-making 
exercises that have dominated architecture programs since they were first formalized 
in seventeenth-century France with the establishment of the Academie Royal 
d’Architecture and successive Ecoles des Beaux Arts. When presented with a design 
problem, students should be encouraged to devise the best solution for the site rather 
than have to satisfy unrealistic and subjective expectations of the professor and/or 
the school. A design for an environmental education center may seek to preserve 
trees rather than clear cutting them for a new building; a design for a market may 
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seek to use an existing building rather than construct a new one; a new housing 
development may be entirely forfeited in favor of a transportation project that more 
efficiently links existing development, thereby eliminating the need for any new 
construction; a flood-resistant building design may be combined or completely 
substituted by the design of riparian buffers or bio-retention areas. Such cultural 
changes in attitude and ego need to infiltrate the field and ultimately influence 
designers, land developers, policy-makers, and the public at large in their approach 
to the built environment. As Van der Ryn and Cowan point out:

Studios as research/design clinics could begin to build a cumulative knowledge 
base that is lacking in design fields such as architecture. The present work of 
design studios is wasted on one-time exercises that are rarely implemented 
outside of the classroom. Studios based on analyzing particular issues – 
megacities, urban wildlife corridors, the future of suburbs, constructed wetlands 
– would provide a continuous cycle of information.3

Some schools have been successful in making the studio more research- and less 
arts-and-crafts-based. In 1997, the Design Research Lab (DRL) at the Architectural 
Association in London, U.K. was founded with the mission to “reinvent post-
professional design education by capitalizing on new design networks and today’s 
interconnected design systems, which are rapidly transforming all forms of architec-
tural design and research into increasingly multidisciplinary, highly distributed  
fields of innovation and experimentation.”4 The DRL offers a 16-month program 
that leads to a Master of Architecture (M.Arch.) degree. Rather than engaging in 
several design projects and studios inherent in most architecture curricula, students 
at the DRL partake in one comprehensive design project that incorporates research, 
knowledge, and skills acquired throughout the course of study. A design agenda is 
established each year and used to inform the studio, workshop, and seminar courses. 
Such coordination ensures students apply what they learn in the technical and theo-
retical courses to their design work. “The DRL treats design projects as a form of 
shared research, and emphasizes a rigorous, analytical and thoroughly documented 
investigation into all design results and parameters shaping a project.”4 Brett Steele, 
co-founder of the DRL, states, “Schools must move away from an emphasis on 
personal creativity (idiosyncratic, proprietary forms of architectural knowledge) and 
towards more rigorous forms of collective understanding and experimentation.”4 
Similar to many industries and sciences, the DRL uses a research–development 
model to uncover new technologies, material applications, techniques, and ideas.  
In what the DRL calls the Open Source Studio, self-organized teams of students, 
faculty, and consultants work collaboratively on projects and share information 
across networks. Work and research results are carried from one year to the next, 
further promoting a non-proprietary, collaborative approach to design research.

The integration of environmental research centers and labs within schools of 
architecture/landscape architecture is also a way to transform pedagogies by allow-
ing more experimentation and testing of ideas and technologies. Carnegie Mellon 

Review Copy - Not for Redistribution 

File Use Subject to Terms & Conditions of PDF Licence Agreement (PLA)



216 Implementing green infrastructure

University (CMU) has adopted a position of environmental accountability in archi-
tectural design that led to the creation of the Center for Building Performance  
and Diagnostics and a 7,000-square-foot workspace that is used to test building sub-
systems, including materials, electrical/mechanical components, energy, air quality, 
acoustics, lighting, and structure. Similar to CMU, the University of Minnesota 
established the Center for Sustainable Building Research, which examines sustainable 
design, energy efficiency, innovative building components, and post-occupancy 
evaluation of human–space interaction. At Texas A&M University College of 
Architecure, five research centers – the Center for Health Systems and Design, the 
Center for Heritage Conservation, the Center for Housing and Urban Development, 
the Center for Leadership and Management in the Design and Construction Industry, 
and the Hazard Reduction and Recovery Center – investigate topics around various 
themes, including community management of environmental hazards, sustainability 
of human and natural ecosystems at various spatial scales, the social and economic 
viability of neighborhoods and communities, healthy neighborhoods and cities, 
transportation mobility, safety, access, and physical forms, building information mod-
elling, architectural preservation and conservation, healthcare facilities design, and 
energy-efficient buildings.5

In addition to college-level design programs, ecological design, sustainability, 
and environmental science should also be integrated into K-12 curricula. Many 
states have already taken action on this matter. In the state of Washington, for 
instance, environmental education was made mandatory in all grade levels in 2009. 
Instruction about conservation, natural resources, and environment are taught in  
an interdisciplinary manner throughout the sciences, social studies, and humanities. 
The program includes a full set of learning standards, a literacy plan to ensure 
students have ample opportunities and funding to engage in project-based learning, 
and a statewide, interdisciplinary sustainable design project that brings industry, 
business, higher education, and community members together with students to 
design solutions to real-word problems. The Colorado Alliance for Environmental 
Education has also developed academic standards to integrate environmental literacy 
in the curriculum by teaching students to connect content across disciplines  
related to natural and human systems, understand relationships between people, 
places, and the environment, demonstrate processes and skills with critical thinking 
and research, and participate in proactive decision-making in the community and  
the school. Similar to Washington, such standards can be integrated with existing 
courses or an entirely new course on a topic can be created. In 2004, the Green 
Schools Initiative was founded with the mission of making schools more  
environmentally sensitive and teaching environmental literacy and stewardship to 
students. It adopted the “7 Steps to a Green School” program from Eco-Schools 
International, which includes: establishing a green team or eco-committee; adopting 
an environmental vision statement; conducting a school environmental/energy 
audit; creating a green school action plan; monitoring and evaluating progress; 
integrating greening into the curriculum; and communicating achievements. These 
steps provide an effective means to change the culture from the inside out by 
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“transforming schools into models of sustainability for communities and engaging 
youth in hands-on, inquiry-based learning.”6

Changes in public policy

The most effective way to promote green infrastructure is to enact laws at the federal 
level. As previously mentioned, LEED (Leadership in Energy and Environmental 
Design), while certainly better than no certification process at all, is voluntary and 
not part of any federal, state, or local building code. Integrating LEED or similar 
“green” building/site construction principles into the building code would certainly 
yield a greater impact than the current optional process. For example, in 1990, the 
U.S. Congress enacted the Americans with Disabilities Act (ADA), which prohibits 
discrimination and ensures that people with disabilities have the same opportunities 
as those without disabilities. A central portion of the ADA outlines “Standards for 
Accessible Design,” which set minimum requirements for newly designed, con-
structed, or altered state and local government facilities, public accommodations, and 
commercial facilities to be readily accessible and usable by people with disabilities. 
According to the Center for an Accessible Society:

The ADA has profoundly changed how society views and accommodates its 
citizens with disabilities. Universal design – the practice of designing products, 
buildings and public spaces and programs to be usable by the greatest number 
of people – has helped create a society where curb cuts, ramps, lifts on buses, 
and other access designs are increasingly common. In the process, we have 
discovered that an accessible society is good for everyone, not just people with 
disabilities.7

Just as the ADA has protected the civil rights of people with disabilities, we now 
need a similarly ambitious act with associated design standards to protect our planet. 
As stated in Chapter 2, President Obama’s Clean Power Plan, if approved by the 
courts (and not subsequently repealed by President Trump), has the potential not 
only to transform energy production but to serve as a catalyst and/or a model for a 
comprehensive green infrastructure statute. Such a statute could mandate that all 
new buildings and alterations to buildings be “net-zero” energy consumption, 
whereby the total amount of energy used by the building is equal to the amount of 
renewable energy generated by the site; green roofs could be required on all new 
construction with incentives to retrofit existing rooftops; a moratorium could be 
placed on road expansion in favor of auto-alternative mass-transit systems; road 
maintenance projects could require green infrastructure for stormwater manage-
ment, dedicated walking/bicycling lanes, or solar/permeable surfaces; more land 
could be deemed “forever wild.” This should be simple, right?

Yet passing such a magnanimous act at the federal level would be extremely 
challenging, to say the least. Even if such a law enjoyed vast support among  
the public, too many legislators have not fully accepted that climate change is “real” 
(or, if they have accepted it, they do not feel it is a priority). State and local 
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municipalities, on the other hand, may have better success in implementing 
environmental public policy and/or integrating green infrastructure into their 
building/zoning codes. Vermont’s Act 250, as discussed at the beginning of this 
book, is an example of a state regulation that is designed to safeguard the environment 
and the character of communities throughout the state. Although the Vermont 
District Environmental Commissions have an approval record of 98 percent, this 
includes projects that were modified into compliance before submission and does 
not include all of the projects that do not even enter the permit process because they 
are so obviously ill-conceived.8 City and local municipalities have also had success 
in adopting green infrastructure and land conservation into their zoning ordinances 
by regulating lot coverage limits, subdivisions, setback distances, parking standards, 
building heights/sizes/scale, open-space conservation, tree removal/replacement, 
erosion control, and stormwater management, to name a few. For example, the 
London Grove Township in southern Chester County, Pennsylvania, requires 
developers to designate half the acreage in all new subdivisions as permanent 
conservation lands.9 Similar regulations were implemented in the city of Topeka, 
Kansas, where developers are now required to set aside 5 acres of open space per 
1,000 residents.10 Stormwater fees can also be used to fund and/or incentivize green 
infrastructure. Since more runoff would equate to higher fees, many developers may 
seek to decrease impermeable surfaces and/or capture the stormwater runoff on-site 
through the use of green infrastructure and detention ponds.

Expediting the permit process for green infrastructure can also incentivize prop-
erty owners to incorporate sustainable, low-impact designs into their projects. 
Chicago’s Green Permit Program, for example, expedites the permit process and 
provides permit-fee discounts to qualifying projects that incorporate green infrastruc-
ture. Tax credits or rebates can also be issued at federal, state, and local levels for the 
implementation of best management practices. The Residential Renewable Energy 
Tax Credit, for example, allows a taxpayer to claim a credit of 30 percent of qualified 
expenditure for a renewable energy system that serves a residence.11

Policy can be implemented at the local level as well. From January 1, 2017, the 
city of San Francisco required all new commercial and residential buildings up to ten 
stories high to have rooftop solar systems for heat and/or electricity. This legislation, 
which is part of San Francisco’s goal of transitioning to 100 percent renewable 
energy, is an extension of an earlier statute that requires all buildings of ten floors  
or less to utilize solar systems on at least 15 percent of the rooftop. Santa Monica, 
California has a similar but slightly more stringent mandate that requires new single-
family homes to install a minimum of 1.5 watts of solar per square foot of the 
structure. In enacting these policies, San Francisco and Santa Monica have followed 
in the lead of smaller California cities, including Culver City, Lancaster, and 
Sebastopol. Similar mandates have been passed at the local and national levels. In 
2009, the city of Toronto, Canada adopted a by-law that requires green roofs on any 
new commercial, institutional, and residential development with a minimum gross 
floor area of 2,000 square meters; the percentage of coverage is then weighted based 
on the size of the building. Six years later, France passed a national law that requires 
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all new buildings in commercial areas to be partially covered by either green roofs or 
solar panels.

As far as politics is concerned, global climate change should not be a partisan issue, 
nor a divisive cultural or socio-economic issue. It should not matter if you are liberal 
or conservative, rich or poor, educated or uneducated, urban or rural, a hermit or 
an international traveler . . . this is something we all need to accept and work 
together to mitigate. Just as scientists proved the earth is not flat, they have proved 
that global climate change is not a hoax cooked up by elite academic liberals or tree-
hugging hippies at Grateful Dead concerts. With a plethora of scientific evidence 
and physical imagery proving that this is a real issue that has been exacerbated by 
human activity, it is mind-blowing that some politicians, legislators, and citizens 
either acknowledge it but do not view it as a priority or refuse to accept it at all. The 
sadder issue is that misinformed politicians can influence a large percentage of  
the population, who in turn become climate change deniers and view it as an attack 
on their freedom to be stewards of the planet.

Just as I was finishing this book in the fall of 2016, the United States elected a 
president who insists that climate change is a hoax concocted by the Chinese to 
harm U.S. business and manufacturing. Sadly, Donald J. Trump has already vowed 
to dismantle the United States’ commitment to the Paris Climate Agreement, has 
appointed a climate change skeptic to head the Environmental Protection Agency, 
wants to increase fossil fuel production, wants to resume construction of the Alaskan 
Keystone pipeline, and wants to roll back environmental regulations and emissions 
standards. All of these policies are misguided, backward-looking, and extremely 
dangerous for our planet. More than at any other time in history, it is imperative 
that environmental organizations, lobbyists, legislators, students, and, crucially, ordi-
nary citizens keep the environmental movement strong and moving forward. As 
Bernie Sanders has repeatedly stated, “We need to create a grassroots movement  
of millions of people who want to transform this country.”12 A recent poll showed 
that 70 percent of Americans believe climate change is happening; however, only 
27 percent attribute this to human activities. In addition, 63 percent of Democrats 
view this as a very serious issue, as opposed to only 18 percent of Republicans.13 
The survey (of 900 people) also revealed that nearly two-thirds of respondents want 
action from our political leaders.13

Since Trump is a businessman, some of the data projections showing the job 
creation and economic benefits of renewable energy and green infrastructure 
(discussed below) will hopefully prove critical over the next four years. People 
obviously have different preferences when it comes to governance, taxes, the 
economy, and social issues, but when it comes to the earth, we should all be united.

Marketing green infrastructure

Just saying something is good for the environment is not necessarily sufficient to 
change culture and influence policy-makers and the professions concerned with the 
built environment. The consequences of not implementing green infrastructure and 
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the benefits of implementing it need to be quantifiable and communicated effectively 
to the public. There are several ways to project environmental impact and future 
land use development. The pair of aerial images that appear near the start of the 
Roadways chapter (Figure 6.2) show development from the past to the recent 
present; a third – future – image could be generated using annual average land 
consumption and development rates. Three-dimensional modeling software and 
animation can also be used to provide effective visual demonstrations of the impact 
of development. Several traffic-simulation software packages can generate animations 
of traffic-flow patterns using data projections for a proposed transit system. Such 
animations make it easy for the lay person to see what traffic will be like under a 
variety of future scenarios.

Simply seeing the loss of open space may be enough to convince environmentally 
conscious citizens, but insufficient to convince over-zealous, capitalistic land devel-
opers and companies. In fact, it may encourage them! Since money is often the only 
thing that gets people’s attention, economic forecasting is also needed. For example, 
cost of community service (CCS) studies can be conducted to estimate the fiscal 
impact of different land uses within a municipality. Expenditures and revenues from 
a municipality’s budget are examined across residential, commercial/industrial, and 
agricultural/open-space land uses to yield an expenditure to revenue ratio. Ratios 
greater than one indicate that the land use costs more in municipal expenses than  
it collects in revenue; a ratio of less than one means the land use generates more 
revenue than it incurs in expenses (i.e., a “net profit”). Although many variables can 
affect the ratio, including geography, school budgets, and population density, to 
name a few, most of the studies indicate that residential developments contribute  
less in revenue than they require in government expenditure, while commercial/
industrial and agricultural/open-space lands contribute more in revenue than they 
require in expenditure, with agricultural/open space generating the lowest ratios/
highest revenues.14 Although CCS studies are only used for current land use patterns, 
they can certainly inform future decisions. They can also highlight the notion of 
“natural capital,” which is often, for want of a better expression, “lost in the woods” 
in economic analysis. Natural capital can be defined as:

healthy ecosystems understood as providers of economically valuable services 
to humans, and includes climate moderation and stability, nutrient recycling, 
water purification and delivery, maintenance of soil fertility, habitat for wild-
life, and the opportunity for aesthetic, spiritual, recreational, and educational 
experiences.15

The notion of conducting energy audits in buildings to show the owner the potential 
economic savings if certain measures are implemented has been common practice 
in the energy industry. In 2015, Google created Project Sunroof, which utilizes the 
company’s database of aerial imagery and maps to determine if a rooftop is suitable 
for solar panels. The app factors in geography, local climatic data, roof size/angle, 
and shadowing from adjacent structures/trees along with federal and state tax credits, 
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utility rebates, and renewable energy credits to determine solar energy production, 
investment costs, and payback. A similar audit or app can also be applied to green 
infrastructure. A recent study by the Natural Resource Defense Council used this 
approach when developing an algorithm by compiling data from existing projects 
to show the potential economic benefits of a set of hypothetical green infrastructure 
retrofits to owners of office buildings, apartment complexes, and retail centers in 
the Philadelphia area. Using a set of pre-building conditions and specific sets of 
green infrastructure improvements, the projections showed the owners line-by-line 
how much money could be saved by reducing energy usage, reducing maintenance 
needs, lowering stormwater fees, and increasing property values. For example, in a 
typical 4-story, 32-unit/33,740-square-foot apartment building, the installation of 
a green roof, 12 strategically planted trees, and a series of bio-swales and rain gardens 
was projected to save $1,780 in annual energy costs, $128,160 from reduced  
roof maintenance, and $1,230 in annual stormwater fees. The retrofitted building 
could also receive $52,720 in tax credits, a $77,720 increase in rental income, and 
a $37,500 increase in property value.16

Quantifying the environmental benefits of natural capital is also becoming more 
efficient due to advances in computer software and databases. For example, in 2010, 
the Central Vermont Regional Planning Commission quantified the benefits of 
low-impact development using GIS (geographic information systems) software. 
Impermeable surfaces, average rainfall data, soil types, land cover, and build-out 
scenarios were modeled in the software and analyzed using the Natural Resources 
Conservation Service Runoff Equation to determine the volume of water runoff 
from impermeable and permeable surfaces, and the LID Technique Equation to 
determine the volume of water runoff when a LID technique was utilized.17 Their 
results showed that with a projected 2.5% increase of impermeable surface area, there 
would be an 8% increase in runoff during a typical, 2.2” storm.17 These models were 
compared to ones using LID techniques, whereby depending on the size, type, and 
quantity of techniques, showed proportionate decreases in stormwater runoff.17 BIM 
(building information modeling) software can also be used to quantify and project 
stormwater flow and energy usage.

Although data and numbers motivate some people, others are more influenced 
by personal stories, which is why it is important to provide a combination of the 
two. For example, the Energy Action Network in Vermont created a Community 
Energy Dashboard that helps communities understand energy at the local level.  
The dashboard provides interactive tools, such as a timeline to track a community’s 
progress toward meeting 90 percent of local energy needs through efficiency and 
renewable energy sources by 2050, a place to add actions centered on efficiency, an 
interactive map that identifies locations of renewable energy projects throughout 
the state, statistics that track renewable energy production data so communities  
can see how they rank against other towns, and links to personal stories, analysis, 
and resources that provide a level of transparency about technology cost and 
performance.18 Real people – not companies trying to sell you services or products 
– can relate what worked best for them in terms of planning, financing, and 
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installation. Meanwhile, Efficiency Vermont is a non-profit organization that 
provides education, services, and incentives for energy efficiency for homeowners 
and businesses. The organization conducts energy assessments and provides financial 
assistance, advice, and planning for renovation and new construction, project support, 
and education and awareness.19 Similar to the Community Energy Dashboard, one 
service it provides is the “neighbor comparison,” which shows homeowners how 
much energy they use compared to nearby homes. This is often all that is needed to 
motivate people to reduce their energy consumption.

Changing the culture

Similar to improving our own physical or mental well-being, we should all admit 
and accept the problems of global climate change and environmental degradation and 
be willing to adjust and/or adapt our lifestyles, vocations, and cultures in order to 
implement regenerative, green design strategies. The notion of being a steward  
to the environment may seem like a no-brainer to some, but many communities 
across the United States still view environmentalism as a liberal conspiracy theory 
and refuse to change policy or invest in land conservation, green infrastructure, or 
clean energy. In a recent interview, Liz Gamache (the Mayor of St. Albans, Vermont 
and director of Efficiency Vermont) identified three reasons why people resist 
change: they don’t get it; they don’t like it; or they don’t like you.20 Educating 
people (as discussed above) and persuading them to participate in the change (dis-
cussed below) can address the first two issues; as far as getting people to like you, the 
key is to become a better listener and respect different ideas. In our political climate, 
the term “liberal” is supposed to mean open-minded, not clinging to a narrow set  
of principles and condemning others for not agreeing with your point of view.

Engaging participation both within and between companies and organizations is 
indeed a critical component in erasing the partisanship relating to environmental 
issues and ultimately advancing the green movement. Cross-sectoral collaboration  
is a way to unify stakeholders and centralize resources around a cause that would be 
daunting if attempted in an isolated or insular fashion. Such collaborations can be in 
the form of partnerships among non-profit organizations and/or between the public 
and private sector. In their paper “Collective Impact,” John Kania and Mark Kramer 
indicate that in order to have success in cross-sectoral collaboration, participants must 
have a common agenda with a clear understanding of the problem and an approved 
set of solutions; a shared measurement system to report on the program’s success  
or failure; clearly defined activities that are mutually enforcing; continuous communi- 
cation; and a separate organization to serve as the backbone of the entire initiative.21 
The authors cite the example of the Elizabeth River Project in Virginia in 1993, 
when 100 stakeholders – including the city governments of Chesapeake, Norfolk, 
Portsmouth, and Virginia Beach, the Virginia Department of Environmental Quality, 
the U.S. Navy, local businesses, schools, community groups, environmental organi-
zations, and universities – came together to develop an 18-point plan that, to date, 
has conserved or restored 1,000 acres of watershed.21
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Forming partnerships between schools and public and private organizations is 
also an effective way to foster change in communities. Such partnerships provide 
real-world learning opportunities for students and a cost-effective way for 
communities to complete work/research on an initiative that might otherwise be 
too expensive. A good example of such a collaboration is the Urban Design Project 
(UDP) in the School of Architecture and Planning at the University at Buffalo. 
Founded in 1990 by Professor Robert Shibley, the UDP coordinates community-
based urban design projects into joint design studios consisting of architecture and 
planning students. Its mission statement declares:

The Urban Design Project seeks to serve the communities of the Niagara–
Buffalo city-region by bringing faculty and urban design students together 
with local governments, community based organizations and citizens in 
general, to engage the work of making better places and stronger communities. 
The work of the Urban Design Project has encompassed faculty consultations, 
student studio projects, and supervised thesis investigations dealing with sites 
from Niagara Falls to Buffalo to Jamestown and engaging institutional partners 
including Buffalo Place Inc., the City of Buffalo, the Waterfront Regeneration 
Trust, the City of Niagara Falls, and Chautauqua County government.22

The UDP forges a symbiotic relationship between research and practice that is 
unique to the field of design. Experimental design work conducted in the studio  
is put to the test when it is presented to the community; the studio then utilizes the 
community’s reaction and feedback to inform the design process. The student work 
provides a plethora of design options that range from ardent visions used to inspire 
long-term desires to pragmatic solutions that can be applied to short-term design 
challenges. The studio environment also teaches architecture students planning 
theory and to think on larger scales, and planning students some of the design and 
technical aspects of architecture.

Community design allows students, design professionals, and community 
members to come together to voice, write, and or sketch their ideas in open-forum 
workshops known as charrettes. In their book Placemaking, Robert Shibley and 
Lynda Schneekloth refer to such open space for dialogue as the “dialogic space”:

The dialogic space is the context in which hopes, fears, ideas, and frustrations 
about a place and the people who live there are discussed. Through the process 
of sharing within this space, new insights and knowledge about what is and 
what could be are constructed. “Knowledges” brought from the outside, such 
as the professional knowledge of an architect, interior designer, teacher, or 
office manager, are offered within the discussion and transformed as part of the 
developing collective world that will eventually frame any placemaking action.23

Unfortunately, in the twenty-first century, we still see communities that are socially, 
culturally, and economically divided. This division perpetuates the “us versus them” 
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mentality that hinders any progress, resolution, or common ground that is so 
essential for peaceful, sustainable community development. The dialogic space seeks 
to erase this fragmentation by giving everyone in the community an equal voice in 
a democratic, civil fashion. Although such a forum will produce a variety of ideas 
and concerns, the simple act of engaging citizens can generate support for an 
initiative, raise awareness, and increase media coverage. Inclusiveness, giving equal 
consideration to all concerns, and transparency in the decision-making process can 
also keep community participation active throughout the project. As mentioned 
above, communication among all stakeholders and with the community is also 
imperative if a project is to be accepted and implemented.

Indeed, diversity, inclusiveness, and a variety of viewpoints ultimately make a 
project successful. Despite someone’s occupation, level of education, income bracket, 
ethnicity, race, religion, or gender, we can all learn something from one another.  
In the twenty-first century, we need to put our differences aside when it comes  
to environmental protection and converge around the benefits of clean air, clean 
water, open space, renewable energy, sustainable design, and green infrastructure.  
As President Barack Obama said in a 2014 commencement address at the University 
of California, Irvine:

We need scientists to design new fuels. We need farmers to help grow  
them. We need engineers to invent new technologies. We need entrepre-
neurs to sell those technologies. We need workers to operate assembly lines 
that hum with high-tech, zero-carbon components. We need builders  
to hammer into place the foundations for a clean energy age. We need dip-
lomats and businessmen and women, and Peace Corps volunteers to help 
developing nations skip past the dirty phase of development and transition  
to sustainable sources of energy. In other words, we need you.24
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CONCLUDING REMARKS

As stated in the preface of this book, I grew up in a community that witnessed a 
massive loss of natural habitat and open land as a result of roadway expansion, 
sprawled development, and misguided and irresponsible land use regulations.  
In 2004, I decided to move to Vermont – as so many do – to “return to the land.” 
Indeed, Vermont is the green-mountain state and, compared to many regions, has 
an abundance of open space, rolling mountains, and pristine lakes and rivers. 
However, as illustrated in Figure 6.2, it is not immune to the perils of urban sprawl 
and land degradation. Since I moved here, I have seen patterns of development 
reminiscent of trends I witnessed 20 years ago in Rochester, New York. Roads are 
being widened, shopping plazas are being constructed, and housing developments 
are rapidly spreading across what was once open space and farmland. Vermont is at 
a critical crossroads in its history. Fortunately, it does have some of the most stringent 
land use regulations and zoning review processes in the country. Such stringency has 
made new development difficult, which on one hand is positive, for it has deterred 
unnecessary development of large box retail, preserved aesthetics, and increased  
land values. On the other hand, it has created a housing and building stock shortage 
which has subsequently driven the cost of real estate and property taxes sky high. The 
tough question for Vermont – and for the entire world – is: can we simultaneously 
meet the spatial and tectonic needs of society and still conserve open space?

Hopefully, after reading this book, many will see that we can indeed do both. 
Regreening strategies can be planned with new development and applied to existing 
infrastructure; dense urban areas can be softened and existing open space can be 
conserved. Comprehensive master planning can control future growth patterns by 
mandating urban growth boundaries, compact development, density limits, open-
space plans, land conservation, stormwater management, alternative transportation, 
and pedestrian environments. Green networks that connect and link neighborhoods, 
cities and entire regions can and should be high priorities in public legislation and 
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the planning process. Open land is such a fragile resource – in many cases, once it 
is developed, restoring it to its original state is impossible.

As this book has shown, regreening efforts can be applied to roadways, parking 
surfaces, structures, rooftops, brownfields, and rail, alley, water, and utility corridors. 
Fixed-guideway transit systems can be physical determinants of urban design and 
can foster compact, transit-oriented forms of development that can reduce vehicle 
usage and subsequent roadway and parking demand. Land between the nodes can 
be conserved as open space. Greenspace can also be created through brownfield 
reclamation and by earth sheltering and/or greening the walls and rooftops of our 
buildings and other residential structures.

The environmental, social, and economic benefits of green infrastructure need 
to be made apparent to all business, government, non-profit, educational, and 
citizen stakeholders in a given region for a particular project:

Different people derive different benefits from a project. A new greenway can 
mean habitat for a natural resource agency, corporate stewardship to business, 
a biodiversity reserve to a conservation group, an outdoor classroom to a 
school, and a tourism attraction to a local chamber of commerce.1

Being inclusive and offering all members of the community an equal voice in the 
planning process is critical to any successful initiative. As we have seen, in Placemaking, 
Lynda Schneekloth and Robert Shibley describe this conversation as the “dialogic 
space”.

Fortunately, the green movement has finally become mainstream. What was  
once considered an extreme, left-wing cult propagated by hippies and non-profit 
environmental organizations is now headline news and high on the political agenda. 
One cannot turn on the television or listen to the radio without hearing about 
climate change, peak oil, hazardous pollution, or renewable energy. Many people 
seem to be profiting from our planet’s demise, so we can only hope that the true 
message is not diluted and that roguish projects that falsely claim green credentials do 
not mislead citizens about sustainability. Designers must understand that construct- 
ing an unnecessary project and marketing it as “green” can be just as irresponsible as 
constructing a necessary, non-sustainable project. In the long run, such “greenwashing” 
only hurts our planet.

Land developers, architects, and designers also need to accept that the best design 
solution is often to build nothing at all but rather to conserve open space. This pill 
can be tough to swallow for over-zealous designers and developers who are eager to 
make names for themselves. To state it frankly, though, the current approach to the 
built environment is simply not sustainable. Development is conceived, designed, 
planned, and constructed in a segmented, insular fashion that segregates architects, 
landscape architects, planners, and engineers. Each profession adheres to its own 
narrow focus – architects to buildings, landscape architects to land, planners to zoning 
codes, and engineers to specialized systems – resulting in a fragmented, piecemeal 
design that is out of context with the surrounding urban/community fabric, human 
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scale, and, most importantly, nature. This attitude can be changed by overhauling 
academic programs in architecture, urban design, landscape architecture, planning, 
and engineering by infusing sustainability, ecological design, and environmental 
science in the curriculum – not as electives, but as integral, required components. 
This will foster a new cadre of environmentally responsible design professionals  
who are equipped with the knowledge and expertise to design sustainable and  
holistic solutions at community, regional, and global scales. Ultimately, they will be 
better suited to solve the complex array of technological, environmental, social, and 
economic issues our planet faces in the twenty-first century.

This paradigm shift in the relationship between the built and natural environments 
is long overdue. In the past, the two have frequently been treated as separate entities 
– design a building, a road, or a parking lot and merely place it on the land. A 
different approach would be to examine the land and the surrounding environment 
and only then formulate a design solution that minimizes destruction to habitat and 
open space and aesthetically fuses the structure with the surroundings.

Conceptually, a sustainable design solution creates the form and skin of the 
structure in a manner that captures, stores, and distributes the resident energies 
of the site. Sustainable design is an expression of understanding and connecting 
with the site and the environmental conditions, connecting with the place.2

Rather than segregating “gray” and “green” infrastructure, the two can coexist and 
indeed be one and the same. It is eminently possible for a building to create greenspace; 
likewise, a roadway can be a park, an alley a wildlife corridor, a parking surface a 
garden. It is just a matter of shifting our preconceptions and definitions of space, 
structure, and nature.

Change, growth, and development are all inevitable. As stated at the beginning 
of this book, we can only do our best with the knowledge we have to sustain  
our planet in the future. All development has an impact and all decisions have 
consequences; our planet is also finite and nothing is eternally sustainable. However, 
we owe it to the earth, the universe, and future generations to do the best we can 
with our available knowledge and technology to sustain a high quality of life for as 
long as we can.

Throughout history, humans have accomplished some major feats: 5–8 million 
years ago, we learned how to walk upright; we survived several periods of deep 
freezing, with the last ice age ending only around 12,000 years ago; we developed 
language and learned how to live off the land; we constructed massive pyramids  
and elaborate temples 4,500 years ago. We have witnessed the rise and fall of  
empires, kingdoms, religions, governments, and cities. We have seen the progression 
of industry and technology from the first telegraph, automobile, and airplane to high-
speed computer networks, hybrid vehicles, and sophisticated spacecraft that can land 
on neighboring planets. Medical technology has advanced in ways that our ancestors 
could only dream of. We have passed environmental legislation to protect our natural 
resources, mitigate brownfields, and limit the discharge of toxins, greenhouse gases, 
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and chlorofluorocarbons into the atmosphere. Surely, in the twenty-first century, we 
can also regreen the built environment.
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