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Foreword*

In the desert, we have no sustainable alternative to design with nature when it comes
to our human environments. We have limited, long-term options for the world at large,
but the desert poses special problems including the extremes of temperature and scarcity
of water. The realities of the desert environment, combined with the need to make our
developments more sustainable for future generations, make it obvious that we must be
guided by ecological knowledge in desert regions when designing new living and working
spaces or retrofitting old ones.

Our current condition requires that we reconnect with the nature of our regions instead
of designing spaces under the old ethos of “conquering nature” and isolating humans
from their natural environments. We need to look back at what our society has collectively
learned about this seemingly harsh environment in order to move ahead.

The Roman Marcus Vitruvius Pollio wrote the first guide to architecture and dedi-
cated On Architecture to his emperor, Augustus. A good architect, according to Vitruvius,
was not a narrow professional but an intellectual of wide-ranging abilities. For example,
Vitruvius included medicine in his extensive list of subjects of which an architect should
“have some knowledge.” An architect should understand medicine, “in its relation to the
regions of the earth (which the Greeks call climata)” in order to answer questions regarding
the healthiness and unhealthiness of sites. A knowledge of air (“the atmosphere”) and the
water supply of localities is essential, “[f]or apart from these considerations, no dwelling
can be regarded as healthy.”

Vitruvius devotes much of his writing to site-specific, or landscape, considerations. As
one classicist observed, “Vitruvius’ conception of architecture is... wide, at times almost
approaching what we define as urban studies.”? Vitruvius made detailed pronouncements
for planning new urban developments. The very first consideration must be salubrity. He
noted, “First, the choice of the most healthy site. Now this will be high and free from
clouds and hoar frost, with an aspect neither hot nor cold but temperate. Besides, in this
way a marshy neighborhood shall be avoided. For when the morning breezes come with
the rising sun to a town, and clouds rising from these shall be conjoined, and with their
blast, shall sprinkle on the bodies of the inhabitants the poisoned breaths of marsh ani-
mals, they will make the site pestilential...”

In addition to his directions for using an understanding of nature to design houses
and plan cities, Vitruvius provided considerable advice for building civic structures and
spaces. The Romans constructed many new communities, a good number of which con-
tinue to prosper today throughout Europe, the Middle East, and North Africa. Twenty cen-
turies after Vitruvius, in their detailed study of architectural education for the Carnegie
Foundation, Ernest Boyer and Lee Mitgang urged architects to shift their focus from
designing objects to “building community.” Such a change requires careful consideration
of what constitutes “community” and what is the relationship of communities to their
physical and biological regions.

* Revised from Steiner, F, Design for a Vulnerable Planet (Austin, TX: University of Texas Press, 2011), Chapter 1.
With permission.

ix



X Foreword

Community activities appear to flourish or to wane depending upon their regional
context. Harkening back to Lewis Mumford’s use of the term, several contemporary
architects and planners advocate the notion of the “regional city” or the “city-region,”
including Peter Calthorpe, William Fulton, Gary Hack, and Roger Simmonds.> Healthy
city-regions fit their natural environments and foster civil interactions. Healthy building
and landscape designs, in turn, fit their city-regions and deepen human interactions.

For example, Calthorpe and Fulton contend, “the Regional City must be viewed
as a cohesive unit—economically, ecologically, and socially—made up of coherent
neighborhoods and communities, all of which play a vital role in creating the metropolitan
region as a whole.”® Arizona’s Sun Corridor, which combines the Tucson and Phoenix
metropolitan areas, forms such a regional city or, alternatively, a megaregion. Several
other metropolitan regions in the arid Southwest also continue to grow, including Las
Vegas—Henderson and El Paso-Juarez.

University of Texas Professor Steven Moore, a leading sustainability theorist, links
regionalism to place-making. He concludes “it is politically desirable and ecologically
prudent to reproduce regionalism as a practice relevant to contemporary conditions.””
Moore builds on Kenneth Frampton’s advocacy of critical regionalism. According to
Frampton,

The fundamental strategy of Critical Regionalism is to mediate the impact of universal
civilization with elements derived indirectly from the peculiarities of a particular place.

... Critical Regionalism depends upon maintaining a high level of critical self-
consciousness. It may find its governing inspiration in such things as the range and
quality of local light, or in a tectonic derived from a peculiar structural mode, or in the
topography of a given site.?

Regional understanding is important for architects and landscape architects to design
specific buildings and sites much the way medical doctors need to understand human
anatomy in order to treat an individual patient. Such a design practice would involve the
critical understanding of the region as well as the shaping of its futures.

What are the implications of this view of city-regions and their wealth for architecture,
landscape architecture, and planning? Two essential needs emerge: Think comprehensively
and broadly and Make places matter.

First, if one sphere of knowledge is privileged at the expense of others, then the result
is deleterious and not sustainable. For example, if a building design favors aesthetics and
ignores concerns about its environmental or social context or the economics of the project,
it will sooner or later fail. My own discipline, planning, tended to ignore the aesthetic
principles of good community design for much of the second half of the twentieth century.
One does not need to look far to see the negative consequences of this oversight.

To be comprehensive, we need to heed the advice of Vitruvius and think broadly again.
If an architect is a wide-ranging intellectual, then architecture should reflect a broad
understanding of other fields. Such understanding certainly should encompass those
fields closest to architecture, arguably landscape architecture and city planning.

Conversely, landscape architects and planners can gain much by seeking to understand
architecture, rather than by leaving building design solely to architects. As reading
Vitruvius reminds us, architecture has a more ancient history than related fields. That
history, as well as the theories architects have promulgated for designing interior and
exterior spaces and for planning cities and regions, sets the stage for those of us in
sibling fields.



Foreword xi

Such strategic thinking should be grounded in theory. The design and planning
disciplines could benefit from a few more good theories. Landscape architecture is a
discipline that illustrates the adage that there is nothing as practical as a good theory.
Two theories have catapulted landscape architecture into greater prominence. In the
mid-nineteenth century, Frederick Law Olmsted, Sr. advocated the use of public parks
to address the ills of urbanization brought on by the Industrial Revolution. A century
later, Jan McHarg urged us to “design with nature,” publishing his immensely influential
book with the same title. McHarg’s theory highlights the integration of understanding
the biophysical setting, ecology, planning, design, and execution of projects that reflect an
understanding of people and nature.

These two theories—that public parks have social benefits and that design should be
derived from environmental understanding—sustained landscape architecture for two
centuries. Like jazz, landscape architecture originated as a particularly American art
form. Landscape plays a central role in American culture akin to the city in Italian culture.
A newer theory than McHarg’s shows signs of emerging by combining concerns about
urban welfare with ecologically based design. New urban ecology—based theories promise
to address a range of pressing issues from environmental justice to the reclamation of
postindustrial, marginalized sites. Such theories are beginning to yield new forms of
landscape urbanism, like those generated by the firm West 8 in The Netherlands and
James Corner Field Operations in the United States. Fresh urban theory could move
landscape architecture closer to emerging ideas about the structure of cities in architecture
and planning as well as new theories in urban ecology being put forth by biologists and
geographers.

Theory fuels the academic engine. In the sciences, theories are tested through experi-
mentation. In the design fields, they are explored in studios and through reflection upon
projects. Ecological design and urban ecology extend outside the bounds of the traditional
sciences and arts. This suggests, to advance these new theories, science education needs
to learn from the creativity of studios, while designers could benefit from more fact-based
education.

With Modernism, design education turned its back on history. Postmodernism embraced
history, but its design applications (including some that are New Urbanist) incorporate past
elements too literally and romantically. We must learn from precedent without becoming
prisoners of the past. By thinking broadly, we can design several solutions based on local
and regional considerations rather than looking in on a single, predetermined course of
action.

A second implication for architectural and planning education within this city-region
perspective is perhaps the most obvious but one often overlooked by our own culture:
place matters. To remain competitive in the global economy, city-regions must offer com-
pelling places for people to live. Architects can, and should, contribute to creating such
urban places. Several institutions provide ongoing advances to our knowledge of desert
environments, as well as native flora and fauna, including the Desert Botanical Garden,
the Arizona-Sonora Desert Museum, the Great Basin Institute, and the Lady Bird Johnson
Wildflower Center.

Arizona State University (ASU) provides a nice model in this regard. From 1989 until
2001, I directed ASU’s former School of Planning and Landscape Architecture, which
included several authors in this book who have contributed much to the planning and
design in the Sun Valley region. Beginning in the late 1960s, then architecture dean Jim
Elmore began advocating for converting the abandoned, dry Salt River bed into a linear
greenway through the metropolitan region. Generations of ASU architecture, planning,
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and landscape architecture faculty and students followed Dean Elmore’s vision, and
components of the Rio Salado project are now realized in Phoenix and Tempe. Water now
again occurs in the once dry river bed of Tempe, which enhances recreational and economic
development opportunities. More recently, former dean John Meunier encouraged faculty
and students to become engaged in the pressing issues affecting the region, especially
through design and planning charrettes. ASU’s influence on the design and planning
of the northern—rapidly urbanizing—20% of the city of Phoenix is especially evident.®
As a result of collaboration between ASU faculty and city staff, large areas of the north
area have been set aside as desert preserves. Most of ASU’s sustainability programs and
projects are now wrapped into the Global Institute of Sustainability, as envisioned by
President Michael Crow.

As the global population continues to grow and to become more urban, place-making
possibilities expand. At the beginning of the twentieth century, 2 billion people inhabited
the planet. The Earth currently has almost 7 billion inhabitants. The United Nations
projects the world’s population to plateau at 9.4 billion by the year 2050 and then slowly
rise to 10.4 billion by 2100.1° This translates into some 12.6 billion additional individuals
appearing on the planet over the next century.!! Half of the world’s population now lives
in cities, and the number of these urban inhabitants is expected to double by 2030.12 We
live in the first urban century. By 2050, two-thirds of the people in the world will be living
in urban regions. Our challenge is to design healthy, sustainable, and safe city-regions for
those who will be joining us on the planet.

To make place matter, designers and planners must become ecologically literate.
Certainly, this was the foundation of McHarg’s argument that we should “design with
nature.” Architect Grant Hilderand contends that such design is fundamental to our species.
He writes, “some characteristics of our surroundings, natural and artificial, may bear to
some of our innate survival-supportive behaviors.”?® In his exploration of architecture’s
biological roots, George Hersey concludes, “we build and inhabit giant plants, animals,
or body parts.”* Stephen Kellert and others call such an approach “biophilic design,”
which emphasizes “the necessity of maintaining, enhancing, and restoring the beneficial
experience of nature in the built environment.”?>

The artifacts of design provide physical shape to cultural identity. An improved
environment can provide the context for positive interactions among people. The more we
know about and care for our surroundings, and the more we interact with and care about
other people on that account, the greater is the potential for knowledge to thrive. Such
knowledge is capital. Only with such capital can a civilization—a culture—be created for
a city-region that is worthy of the grandeur of its natural surroundings. The pages that
follow take on that timely objective.

Frederick R. Steiner



Preface

When I moved to the Phoenix area in the late 1990s, there was an active public debate
forming on the trajectory of growth in the Valley of the Sun in particular and state of
Arizona in general. There was a group of concerned residents who wanted to see
measures put in place to curb unbridled growth and development activities and to protect
sensitive lands. Cory Filler comments: “Developers have been ruining our cities for too
long, and our quality of life has suffered to fill their fat wallets.”*> Another group thought
these measures could be initiated within the jurisdictions and with incentives rather
than through regulation, warning of dire consequences to the region’s economy if these
measures were adopted. An Arizona Republic article on the growth management initiative
cites analysis from Professor Peter Gordon from the University of Southern California
with a predicted loss of 235,000 person-years of employment (a person-year is the effort
of one worker employed for a year), assuming a two-year construction moratorium if the
initiative is passed. In addition, Elliott Pollack, a Scottsdale developer and economist,
forecasts a loss of 219,000 jobs if lawsuits bring development to a halt, as some attorneys
believe. Otherwise, he says that relying on state population forecasts, which tend to be
low, would force construction cutbacks and cost 90,000 jobs in all.’®

As this debate gathered momentum into a formal referendum on growth, the issue
appeared to me to become lost in the rhetoric of words, sound bites, and dire scenarios
presented by opposing viewpoints on this important issue that could be responsible for
shaping future development of the region. If and how sustainable growth and development
could be implemented was not a clear and decisive matter, and even educated people were
confused about where to stand in this debate. I was personally concerned about the pace
of growth and development, seeing large tracts of virgin desert in my previous home in
Tucson, Arizona, converted to generic tract housing; the same pattern was playing out in
the Phoenix area. I began to wonder about the future of the city and whether the current
system of urban development in the desert was indeed serving the good of the overall
community. I told myself there must be a better way.

A vision for this possible better way came to me during my first year of graduate
school at Arizona State University. During my undergraduate training in landscape
development and planning, I was exposed to the work of Ian McHarg, author of Design
with Nature and founding director of the School of Landscape Architecture and Regional
Planning at the University of Pennsylvania. McHarg has been widely credited as the
founder of the ecological planning profession. He developed a unique method of overlays
that allowed a number of features of the landscape to be separated into layers that are
used for suitability analysis of the proposed site. I built on McHarg’s work with the
creation of Design with the Desert—a manner of adopting rational planning in regions
shaped through the scarcity of natural resources and defined by the climatic and
hydrological regimes. This concept accepts the need to put forth options to development
that feature sustainability as a fundamental component of building design and projects
that minimize waste, enhance the quality of life, and make smart use of energy, food, and
the hydrologic system. Applying the principles of the Design with the Desert concept will
provide a more profound approach to working in any area of the world facing limitations
to life by the natural setting.

xiii
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The purpose of this book is to serve as an educational and inspirational tool for anyone
concerned with conservation and development in fragile regions of the world. This is
a transdisciplinary volume that spans the fields of science, ecology, planning, landscape
development, architecture, and urban design. The area of focus for this book is defined
as the geographic area of the four warm deserts of the American West, which include the
Great Basin, Mojave, Sonoran, and Chihuahuan deserts. In spatial terms, this includes an
area from southern California, north beyond Las Vegas, south to Mexico, and east to El
Paso, Texas. This area represents the most actively developing regions in the American
deserts where the interface of conservation and development has long-lasting impacts
from development activities. The concepts presented in this book have specific relevance
to this region, but also apply in large part to other areas of this continent or other parts
of the world by incorporating the natural, historical, and cultural considerations for that
region into the study. We hope that this book will create the inspiration and opportunity
to apply these principles of sustainability to other parts of the country and world.

This book was written for educated readers from many backgrounds. We chose chapters
that would be the most informative on the theme and easy to read. The authors of each
chapter in this book are considered to be top level authorities in their field of expertise
in this region; many have written several books on their own. All of the contributors
have thoughtfully developed their chapters with the specific goal of providing their vast
technical and professional knowledge on this region in a condensed format to provide a
thumbnail understanding on each theme.

This book is designed to be read from beginning to end in sequence, although each
chapter can be read without the need to review the preceding chapters. Where possible, we
have cross-referenced in the text other parts in the book if the reader has a desire to explore
parallel themes on a given topic. The flow of the book begins with Part I covering the
physical aspects of the desert realm—the land, geology, water, climate, and related themes.
Part II deals with the “living” and ecological aspects of deserts, including plants, animals,
ecosystems, and restoring habitats of degraded ecosystems. This is followed by Part III
on desert planning, including ecological planning, water planning, resource planning,
and community development. We then move on to Part IV on ecology in the design of
urban systems, that is, how you can bring nature into the built environment through
the use of native plants, creation of habitats for nature in the urban setting, and design
of urban building and projects that create life. Lastly, in Part V, we explore the concepts
of urban sustainability—how to design urban systems that provide a secure future for
community development through water security, sustainability building practices, bold
architecture and community designs, and experimentation in futuristic communities and
urban designs that integrate ecological and resource sustainability into every aspect of the
urban community designs.

My desire is that this book serves as a source of hope for many people across the region
and world to explore ways to connect development with nature without destroying the
desert in the process. I hope that many people including students, developers, planners,
engineers, environmentalists, community leaders, city councils, urban planners, people
relocating to the desert region, and many others use this book as a point of discussion,
inspiration, reference, or contemplation. Deserts are fragile regions by nature. We have
limited chances to get it right on development to avoid leaving permanent scars on the
landscape that can take generations or more to recover. This book provides a path to help
create or enhance the connection of life from the natural to the built environment in the
American Southwest.



Preface XV

In 2001, I organized a Design with the Desert conference at Arizona State University that
included some of the most notable experts in science, ecology, planning, and development.
Ian McHarg was slated to be the keynote speaker for this event. When I had the program
for the event complete, I sent a copy to lan to outline his role in the program prior to
his trip to Arizona. He was truly impressed with the program I had put together. He
told me “tell your people, you do good things.” Sadly, Ian died two weeks before this
event was held. However, Ian’s spirit lives on through his students, apprentices, projects,
books, and teachings. This book captures Ian’s desire for all of us to act in manners that
collaborate with nature, rather than participate in endeavors that lead to degrading the
natural environment or the human condition.

Richard A. Malloy
Executive Editor
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Introduction

The deserts of the world are in trouble. The International Fund for Agricultural Development
reports that 250 million people worldwide are affected by desertification and 1 billion
people are at risk. In addition, over one quarter of the Earth’s surface is threatened by
desertification—an area of 8.9 billion acres of land.!> Global issues of climate change, rapid
population growth, and depletion of natural resources are a few of the main pressure
points on the ability of these regions to follow a sustainable path for human populations,
particularly in developing nations. Deserts have a limited capacity to support human pop-
ulations, but have experienced increased development activities, particularly in areas that
had the resources to engineer and construct projects to transport water long distances to
areas once dependent on the limited annual rainfall.

Where there is no water, there is no life. Deserts are defined by the scarcity of water, and
the extremes of climate, as such, will govern the areas that can support life and those areas
that will remain devoid of life. Human activities to develop desert lands have the poten-
tial to have dramatic and long-term effects. Disturbed lands in the desert lack resiliency
to recover from activities such as grazing, mining, mineral extraction, and the removal of
the natural vegetation cover.’® In some parts of the world, expansive oases in the desert are
built using large amounts of financial resources to create communities largely dependent
on water and resources not directly tied to place. These developments create the illusion
of sustainable life for a while. At some point, the forces of nature will expose the fragility
of these developments and their intense need to consume resources to sustain their exis-
tence. The desert will take these areas back, eventually.

Development in the American Southwest: An Unsustainable Path

The American southwestern desert region faces these same global challenges, particularly
when confronted with decisions on conservation or development. The Great Basin,
Mojave, Sonoran, and Chihuahuan Deserts in the American Southwest have been the site
of exponential growth over the past several decades (see Figure 1.1). This geographical area
includes the modern southwestern cities of Phoenix, Tucson, Las Vegas, Albuquerque, and
El Paso, which occupy lands that once supported a rich desert life. Growth and development
activities across this region are fueled by the low cost of land, desirable climate, and an
unquenchable desire for people to own their own homes. Typical development activities
in the desert often resulted in scraping these lands of an ancient living landscape and
replacing it with one that is man-made and dependent on a large consumption of energy
and natural resources to sustain the growing human population. Major water projects
(Hoover, Glen Canyon, Roosevelt, and Elephant Butte dams) funded through the U.S.
Bureau of Reclamation have dammed nearly all of the flowing rivers across this region. In
addition, modern engineering has made air conditioning possible for comfortable living in
a harsh environment, making the modern desert city comparable in comfort to the homes
left behind. In short, urban desert residents in the Southwest are increasingly becoming
removed from the harsh extremes of the desert by the nature of development and design.

xix
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FIGURE I.1

Southwestern desert regions. (From Lee, C., R. Arroyo, J. Lee, M. Dimmitt, M. McGinley, and Arizona-Sonora
Desert Museum, Deserts of North America, Encyclopedia of Earth. CJ. Cleveland, ed. (Washington, D.C.:
Environmental Information Coalition, National Council for Science and the Environment). Accessed October
25, 2012. http://www.eoearth.org/article/Deserts_of_North_America. With permission.)

Problems persist across the region. Southwest cities are dependent on water from
the Colorado and Rio Grande Rivers, which have experienced periods of drought and
reduced annual flows on the rivers. The uncertainty of water is one of the most critical
aspects to plan for the future of these cities. Moreover, the single family home, the typical
feature of residential development, consumes large tracts of land that expands the spatial
dimensions of the urban area. Current development trends favor development on the
fringe of the urbanized area where the low cost of land will result in higher profit for the
developer. Development on the fringe contributes substantially to urban sprawl, longer
commute times, the need for new roads, and increases in air pollution. The once quiet
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and community feeling of historic desert towns can be transformed by development
dependent on the automobile and residents disconnected from each other. Architect
and visionary Paolo Soleri encourages society to demand development alternatives that
respond to urban sustainability problems at their core, rather than “a better kind of
wrongness.”!® That is, new development solutions can be just a repackaged version of the
same urban problem.

Pondering the Lessons from the Mites and the
Fern: A Story of Community Collapse

Many years ago I purchased a fresh, green Boston fern for my apartment from the grocery
store. I placed the fern in a prominent spot in my kitchen for all to see. Over the next several
weeks, my busy schedule did not allow me to be home other than to sleep and change my
clothes. I noticed the fern as beginning to look a bit yellow in color; then developed brown
tips, which worsened each day. I realized I needed to stop my busy life and do a close
examination on what was causing these abnormal symptoms on my plant.

When I picked up the plant and examined it closely, I was amazed to discover a whole
world of small mites that had created an entire network made from silk-like threads. The
mites covered the whole plant and moved effortlessly along a geometric maze of threads
that appeared like 1000 expansion bridges spanning off in every direction imaginable.
The intricate design of this network of webbing appeared to have been built by a highly
skilled community designer. The mites” plump, nearly translucent bodies radiated health
and vigor as they moved quickly and rapidly in all directions up and down the plant. I was
truly amazed with the beauty of what they created on the plant, the building of a healthy
and vibrant community and stunning architectural designs of the network of webbing that
supported the community. One week later, the plant was brown and dead. The only thing
left were whispers of the web-like threads flapping in the breeze.

I was at once stunned, angry, and confused all at the same time. I asked myself:

—What happened to this healthy insect community, the architecture, the vibrant life-
style they were living?
—How could these insects be oblivious to the fact that they are destroying the place that
provides the support for their community to function? Didn’t they know that a slower
development rate would give the plant and the community opportunities to survive
together?
I pondered this situation for a while and had a startling revelation that transcended the
situation at hand. The behaviors demonstrated by the mite community are the same as
those I see in human societies. I asked myself:

—Isn't this the same thing we are doing as a society in our understanding and connec-
tion to nature and our own community development—exploiting the resources that
sustain us (water, land, etc.) beyond a point that can be recovered?

—Are our development activities leading us to a point of collapse from a lack of under-
standing of preserving the resources required to sustain our future?

—Is this hyperconsumption that takes the colony to near extinction a trait that all living
species possess?

—How can we educate ourselves to avoid the path to our own self-destruction?



xxii Introduction

This is a lot to glean from a seemingly natural or mundane reaction between two living
species, but it made me realize the path to wisdom on these matters requires a con-
scious thought and effort on our part to protect the sustainable path between us and
nature. The default thinking that the overuse or exploitation of resources is contribut-
ing to community health may someday be the mechanism that destroys the foundation
of civilization.

In his book, The Hidden Connections, Frijof Capra states:

As this new century unfolds, there are two developments that will have major impacts
on the well-being and ways of life of humanity. Both have to do with networks, and both
involve radically new technologies. One is the rise or capitalism; the other is the creation
of sustainable communities based on ecological literacy and the practice of ecodesign.
Whereas global capitalism is concerned with the electronic networks of financial and
informational flows, ecodesign is concerned with ecological networks of energy and
material flows. The goal of ecodesign [is] to maximize the sustainability of life.

These two scenarios—each involving complex network and special advanced
technologies—are currently on a collision course. We have seen that the current form
of global capitalism is ecologically and socially unsustainable. The so-called “global
market” is really a network of machines programmed according to the fundamental
principle that money-making should take precedence over human rights, democracy,
environmental protection, or any other value...[hJowever, human values can change,
they are not natural laws.!

This collision appears to already have occurred in the American Southwest. The eco-
nomic downturn starting in 2008 hit the Southwest particularly hard, where the eco-
nomic vitality of many cities depends on growth and development activities. The
economic collapse in Phoenix first hit new developments along the fringes of the urban-
ized area, but eventually spread in waves to the more established areas, resulting in
historic high home foreclosure and unemployment rates.!> Las Vegas, once boasting a
booming and vibrant economy, is ranked near the bottom of the 150 major world met-
ropolitan areas, with a grim outlook for positive economic recovery based on the area’s
dependence on tourism and construction in its economic base.’® Speculation and greed
were driving investments in these markets that appeared to have no end. Development
fueled development as long as the market would bear. This era has come to an end, and
it appears to be several years in the future before a sustainable path for urban develop-
ment is possible.

It seems somewhere in human nature is the desire and ability to follow paths of self-
destruction when disconnected from the source of continuity and sustainability of natural
systems. Unsustainable developments would include those that result in short-term gain
for one party but contribute to a greater loss to the community as a whole by creating
undue burdens on community members due to environmental degradation, generation
of hazardous wastes, depression of home values, or decrease in the quality of life. Garrett
Hardin wrote on this human dilemma in a classic article entitled “The Tragedy of the
Commons” in 1968. Hardin observed that rational people, acting independently, will make
conscious decisions to deplete a limited natural resource based on their perspective notion of
personal gain for this action.’® Unsettling as it is, this aspect of human behavior is exhibited
in other parallel areas of land development, banking, marketing, and government. This
type of decision-making lacks the contemplation of the individual’s highest potential and
core values in this process.
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Following the Wisdom of the Native People

Several Native American tribes have inhabited the Southwest since time immemorial. The
ancient Hohokum tribes that settled along the Salt and Verde rivers in Arizona were noted
as sophisticated engineers by diverting water through a network of canals that allowed
them to flourish as a sedentary agrarian culture. The Anasazi tribes of New Mexico,
Colorado, and beyond built dwelling in the cliffs along the rugged desert mesas and made
baskets and pottery from natural materials. These ancient cultures had a deep connection
to nature, the cycles of the animals, the Earth, the moon, and the sky. The ancients were
followed by several other native tribes that now occupy reservations in the Southwest.
Many indigenous cultures honor and celebrate the forces of nature through ceremony,
tradition, or belief. They also believe personal and community decisions should take into
consideration seven generations.® This ethical principle called for restoring the balance
of the Earth elements in a fair and equitable manner, and the requirement to link the
economic need with environmental protection and the well-being of the community as a
whole. The native tradition of long-term vision on decision-making allows for continuity
and sustained community development when consideration is placed beyond the option
to expend resources for immediate use. In modern times where profit is driving the course
of development, many people struggle with the ability to think beyond the immediate
project, land sale, or development. There are many lessons Western civilization could learn
from this native wisdom, which was formed from a deep connection to the land.

Desert Visionaries

When we begin to contemplate conservation and development, there is need for a vision
or foundation to apply these concepts in the world. For this purpose, we need to turn to
people of vision—leaders that have risen above the normal intellectual or pedagogical pro-
cesses to present a new and different way of interacting with the environment. For change
to happen in the human condition, it takes one person with a complete understanding of a
system of human interaction to influence the society as a whole by sharing an enlightened
understanding of this system by theory or practice. There are a few people who stand out
for having profoundly shaped our understanding of the relation between man and nature
in the Southwestern United States. These visionaries include John Wesley Powell, Aldo
Leopold, Frank Lloyd Wright, and Ian McHarg. Their lives and legacies live through their
work and their apprentices. These people had a deep and far-reaching grasp of knowledge
that will guide society to create or preserve the connection between man and nature. Each
of these visionaries left an indelible mark in their profession in their own ways, but by
combining the wisdom of these leaders, a deeper and more holistic understanding of sus-
taining the desert environment may emerge for the reader.

John Wesley Powell

John Wesley Powell is described as a soldier, explorer, and scientist and was a self-made
man of determination from humble upbringings. Powell was born in New York State and
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served in the military during the Civil War, where he reached the rank of major. He became
famous for his expeditions of the Colorado River, where he documented the natural and
evolutionary history of the river canyon starting in 1869, which was later published in his
book Report on Lands of the Arid Regions of the United States.> His bold experiences made
him a popular speaker across the country on the natural settings of the American West.

In 1881, Powell became director of the U.S. Geological Survey, where he was able to work
at the national level to help establish rational policy for natural resource use based on
sound science and exploration. Powell formed a viewpoint that development in the West
should be limited and targeted based on the limitation of available water. He believed the
arid West was unsustainable for agricultural development, except for certain areas along
existing perennial rivers. He advocated for a survey of irrigable lands of the West; larger
homestead requirements for arid lands; the use of watersheds as boundaries to promote
wise resource use and avoid political controversies; and the slow, rational development
of western lands based on equitable sharing of natural resources, particularly water. His
viewpoint was in direct conflict with the railroads, which had been granted large tracts of
land to dispose of in exchange for the construction of rail lines. The political and business
interests of the time formulated policies on western lands that favored capitalism and
profit that were not based on rational science or planning.

Reisner states in his book, Cadillac Desert, on Powell’s observations on Western land

policy:

Speculation. Water Monopoly. Land Monopoly. Erosion. Corruption. Catastrophe. By
1876, after several trips across the plains and the Rocky Mountain States, John Wesley
Powell was pretty well convinced that those would be the fruits of western land policy
based on wishful thinking, willfulness, and lousy science. And everything he predicted
was happening, especially land monopoly, water monopoly, graft, and fraud.!s

Powell’s vision for a slow approach to development of the West was seen as too slow,
limited, and unnecessary by those with investments in the West. He lost out to those with
power and influence in shaping of western land policy. The rush to settle was met with the
realities forecasted by Powell in these barren lands of the arid West, most notably the huge
losses of land, crops, and livelihood of the Dust Bowl in the 1930s. Again, Reisner sums up
the lessons gained in hindsight from Powell:

What is remarkable, a hundred years later, is how little has changed. The disaster that
Powell predicted—a catastrophic return to a cycle of drought—did indeed occur, not
once but twice: in the 1880s and again in the 1930s. When it happened, Powell’s ideas—
at least the insistence that the federal irrigation program was the only salvation of the
arid West—were embraced, tentatively at first, then more passionately, then with a kind
of desperate insistence.!®

Aldo Leopold

Born in 1887, Aldo Leopold is noted as one of the foremost leaders in ecology and
conservation. He is often described as an ecologist, forester, and environmentalist. He had
a keen interest in the natural world from an early age with avid interests in ornithology.
He attended Yale School of Forestry and was later stationed in New Mexico with the U.S.
Forest Service. Among other things, Leopold was noted for the development of the first
comprehensive plan for the Grand Canyon and proposed the Gila Wilderness Area, the
first national wilderness area in the country.
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Leopold’s 1949 book, A Sand County Almanac, is considered one of the most profound
books dealing with the relation of man to the natural world. His writing promotes the
understanding of the natural world and the preservation of wildlife through conscious
human actions that protect their habitats. In this book, Leopold outlined his “land ethic”—
anew vision that establishes a connection of man in relation to the land and life forms that
inhabit it. His land ethic is based on moral actions that result in creating maximum benefit
for all people and living things on land.

Leopold wrote on land ethic:

The land ethic simply enlarges the boundaries of the community to include soils, waters,
plants, and animals, or collectively: the land...A land ethic of course cannot prevent the
alteration, management, and use of these “resources,” but it does affirm their right to
continued existence, and, at least in spots, their continued existence in a natural state.®

His vision and philosophy of conservation of the natural world survives today as
inspiration for all those seeking to follow a path that promotes ethical actions of man in
relation to any action or project that has an impact on nature. A Sand County Almanac is
still widely read and considered one of the most influential books dealing with man’s
role with nature.

Frank Lloyd Wright

Considered one of the most prominent architects and designers in America, Frank Lloyd
Wright set new standards in building design as demonstrated in over 1000 projects
spanning many decades. Wright was born in Wisconsin in 1867, where he grew up to learn
the foundations of the profession of architecture and building design. Wright was noted
for his mastery of “organic architecture,” a philosophy that attempts to promote harmony
and balance between human habitation and the natural world through design in a manner
that integrates the building, interior elements and surrounding with the site. Wright was
considered the leader of the Prairie School of Architecture, which sought to develop a
North American style of architecture that focused on developing the unique qualities of a
building and site through design.

Fallingwater in Bear Run, Pennsylvania, is considered one of the most notable and famous
building designs in modern times. This private home was constructed on a waterfall in
a manner that makes the home appear as to have always been part of the natural setting.
Broadacre City was Wright’s model for suburban development. This design was the
antithesis of the ubiquitous small lot tract developments that were largely dependent on
the automobile. Wright’s vision for this suburban community was one connected with
nature carved out of large lots using natural materials from the site.

Wright established Taliesin in Spring Greens, Wisconsin, as a school to train aspiring
architects in his unique approach to buildings and community designs and Taliesin West
in Scottsdale, Arizona, in 1937 as a winter retreat in the Southwest. These schools are still
serving to educate architectural students on the principles of organic architecture and
techniques that he developed. Wright died in 1959, but his spirit and legacy lives with us
through his former students, projects, and designs that serve as examples of buildings that
are connected to nature and its surroundings. He stated:

Organic buildings are the strength and lightness of the spiders’ spinning, buildings
qualified by light, bred by native character to environment, married to the ground.
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lan McHarg

A Scottish native, lan McHarg is considered by many to be the father of ecological
planning. McHarg, a graduate of Harvard, went on to become the founding chair of
the Department of Landscape Architecture and Regional Planning at the University of
Pennsylvania. His novel approach of combining landscape architecture and regional
planning helped establish a framework for multidisciplinary teaching and project
development. McHarg was one of the first to develop the map “manual overlay” method,
which involved creating separate layers of variables on a site that could be manually
manipulated to display relevant information on a map. This method is considered the
basis now used in computer-based geographic information system analytical tools. In
addition, McHarg developed what is called suitability analysis, which is used to assign
ratings of the elements on a site as suitable or not suitable for the objectives of the project.

McHarg’s method of ecological planning is now a fundamental part of the curriculum
of advanced programs in landscape architecture and planning in most of our leading
universities. He believed we all need to become educated in methods that allow humanity
to create or restore the Earth in a greater capacity than it can be destroyed. The biosphere
must be understood as something that sustains us and our role is to avoid creating adverse
harm through human activities. A fallacy of human nature, McHarg believes, is to hold on
to the notion that there is an architectural or engineered solution for all problems.

On the trends of modern urban settings McHarg states:

Today, the modern metropolis covers thousands of square miles, much of the land is
sterilized and waterproofed, the original animals have long gone, as have the primeval
plants, rivers are foul, the atmosphere is polluted, climate and microclimate have ret-
rogressed to increased violence, a million acres of land are transformed annually from
farmland to suburban housing and shopping centers, asphalt and concrete, parking lots
and car cemeteries, yet slums accrue faster than new buildings, which seek to replace
them. The epidemiologist can speak of urban epidemics—heart and arterial disease,
renal disease, cancer, and, not least, neuroses and psychoses.®

This frank assessment by McHarg on the plight of the urban center has a degree of truth
in the reality of what we are creating here and across the globe—that is, anthropogenic
activities over time can result in alterations in the landscape that can have significant
impacts on the quality of life in the urban setting.

Creating a Sustainable Future

Taken together, the wisdom of these visionaries—Powell, Leopold, Wright, and McHarg—
forms an integral understanding of how the human species can interact with the natural
environment without the need to destroy it or alter it beyond its ability to sustain the human
population without adverse effect. With the rapid pace of development in the Southwest,
a bold vision for conservation is needed in design and planning for the future. To be clear,
development by itself is not inherently bad or undesirable. We need development to sup-
port the natural growth of our communities, but what we also need is to create or follow
a vision for our cities that respects the natural processes, protects areas of ecological and
cultural importance, preserves part of the natural setting in the built environment, and
creates solutions to sustainable resource use without long-term harm to the environment.
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To address these concerns, we put together this book that we feel will present a unique
approach to this topic by providing a logical format for understanding the natural
environment of the Southwestern deserts, then expand this knowledge into how the
built environment can include qualities and attributes of the natural desert. There is
an emphasis on understanding ecological systems of hydrology, climate, ecology, and
energy flows to create communities and places designed and built with ecological literacy
and consciousness. This book features a transdisciplinary approach to the topic of desert
sustainability, which we believe will create a bridge to better understand how the built
environment is inherently interdependent on the natural environment for its future. The
application of the principles outlined in this book can help desert communities work
toward a sustainable future—one that leads to greater health, happiness, and quality of
life for all of its residents.

Richard A. Malloy
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Part 1

Physical Aspects of the
Desert Environment

Robert H. Webb

Some of the most rapidly growing urban areas on Earth are in desert regions. Whether
on the Indian subcontinent, North Africa, western China, central Australia, or the south-
western United States, growth has steadily transformed deserts from what is perceived
as a hostile, dangerous environment to a network of infrastructure and houses. Part and
parcel of this growth is the joint assumption that the desert environment is unchanging,
offering stable building sites; that water supplies can be found, either on the surface, in the
subsurface, or through transbasin transfers from more mesic regions; and that hazards are
reduced in a region of low rainfall and seasonally high temperatures. While these assump-
tions may hold true for short or even long time periods, eventually the reality of the desert
environment sets in, creating constraints on urban design and development.

This part provides a general introduction to the physical environments of deserts world-
wide and particularly in the southwestern United States, where considerable research on
the characters and processes affecting the desert environment provides a wealth of infor-
mation useful for urban design. We begin with a modified version of a chapter describing
deserts of the world from the classic book Desert Geomorphology by Ronald Cooke, Andrew
Warren, and Andrew Goudie. Without changing its substance, we were compelled to
convert the units from metric to English and add explanatory footnotes to define techni-
cal terms that may not be well known within the community concerned with design in
deserts. The scope of this chapter, as well as its discussion of evolution of deserts on six
continents, makes it an invaluable contribution to this book for those who want a deeper
understanding of how deserts originated and their common characteristics worldwide.

We follow the opening chapter with contributions on desert soils and climate, two
closely related subjects. These chapters focus on the southwestern United States and par-
ticularly the desert regions of Arizona, which sustains several of the largest cities in the
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arid regions of North America. The chapter on desert geology and soils, by William L.
Stefanov and Douglas Green, expands on general concepts presented in the opening chap-
ter to give a more detailed perspective in a smaller region of the Sonoran Desert. Likewise,
Anthony ]. Brazel’s discussion of climate uses a focus on desert cities in the Southwest
and that region to provide a more expansive view of short- and long-term desert climate,
particularly in light of predicted future changes expected to be caused by greenhouse-gas
emissions.

These chapters are followed by two chapters that discuss the related topics of desert
hydrology, water supplies, and hazards in the southwestern United States, particularly in
Arizona. This region provides a microcosm of hydrology and hazards in deserts world-
wide, where the details change but the processes remain the same. The water resources
of surface water and groundwater are intertwined in process and supply, and other char-
acteristics important to design where environmental concerns are paramount, especially
riparian vegetation, are discussed. In particular, an understanding of the hydrologic cycle
in deserts, and how that influences the supply and movement of groundwater and the
availability of surface water, is presented to allow some basic understanding of the poten-
tial for water supplies in deserts and their limitations.

Hazards in the desert environment, and how they relate to urban design, are discussed
in detail from the perspective of the physical environment instead of design. These haz-
ards range from natural, such as flooding and earthquakes, to human caused, such as toxic
waste dumps and land subsidence.

In Part I, we strive to provide overviews of characters and processes, providing the
reader with additional resources for deeper understanding of this unique physical envi-
ronment. In particular, we point to various tools that enable those interested in urban
design to determine climatic characteristics, examine the spatial distribution of soil types
and properties in an area of interest, estimate water resources, and determine what haz-
ards might be of concern and what their magnitude might be. Needless to say, the physical
environment of deserts is both complex and nuanced, and our introduction in this part
hopefully will provide sufficient information for the reader to investigate further on issues
of specific concern to urban design.
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Deserts of the World*

Ron Cooke, Andrew Warren, and Andrew Goudie
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1.1 Introduction

To some, deserts are simply barren areas, barely capable of supporting life forms. Many
places meet this criterion: Mangin’s The Desert World, published in 1869, embraced envi-
ronments as diverse as the waste heaps of the china clay quarries in Cornwall, the steppes
of Tartary, the Dead Sea, and the Arctic wildernesses. But most deserts are areas of arid-
ity and they are usually defined scientifically in terms of some measure of water short-
age. Such measures, indices of aridity, are commonly based on the relationships between
water gained from precipitation and water lost by evaporation or transportation. There are
plenty of indices to choose from, the differences between them reflecting different objec-
tives of classification.?

The areas shown in Figure 1.1 constitute the warm deserts realm. Within it, there are five
major regions of aridity: the deserts of North and South America, North Africa, Eurasia,
southern Africa, and Australia. They cover a third of the Earth’s land surface and are the
context for this study of desert geomorphology! There are also arid areas in the polar

* Adapted from R. Cooke, A. Warren, and A. Goudie, Deserts of the world, in Desert Geomorphology
(London, U.K.: University of London Press, 1993), pp. 423—447.

* Definitions used in footnotes in this chapter are derived from the combination of W. R. Osterkamp and A.
Allaby and M. Allaby.3
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1. North American deserts
2. Atacama desert
3. Sahara desert
4. Namib desert
5. Kalahari desert
6. Arabian deserts
7. Thar desert
8. Taklimakan (Gobi) desert
9. Desert of the Loess Plateau
10. Central Asian deserts and steppe
11. Australian deserts

FIGURE 1.1
Map showing world-wide distribution of the warm deserts.

latitudes, but, geomorphologically, they are very different from the subtropical deserts and
are excluded from this review.

1.2 The Sahara and Its Margins

The Sahara is the world’s largest desert (covering c. 2.7 million miles?), and the region
comprising the Sahara and the Nile occupies about half of the entire African continent.*
The greater part of the region is free of surface water and is sparsely vegetated, and, being
exposed to dry, descending, northeasterly airstreams, its mean annual rainfall is less than
16 in. and over vast areas less than 4 in.® Temperatures are also high, and evaporation
losses from free water surfaces and transpiration losses from vegetated areas are greater
than anywhere else on the globe.*

The general morphology of the Sahara has been discussed by Mainguet,” who suggests
that its most distinctive characteristic, save only the relief provided by the Hoggar and
Tibesti massifs, is its flatness. This flatness is associated with great sandstone plateaus, a
series of broad,