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Abstract
In considering issues of sustainable design, finding how to place land uses in “suitable”
locations, is perhaps, the central issue. At the core of living in balance with the earth is
learning to inhabit the land and to harvest its finite resources without depleting them—to be
in “right” places and be in balance with them. In Design with Nature, Ian McHarg illustrated
a simple mapping overlay technique to identify suitable placement of human activities on
the Earth’s surface. The faculty of the Landscape Department of the Harvard Graduate
School of Design, in its “Omnibus Studio” of the late 1960s and early 1970s, advanced this
concept with development of “remote sensing” and computerized systems for mapping data
(the GRID program in particular) that have evolved into today’s data-gathering and
Geographic Information Systems (GIS). Despite increased environmental awareness and
such sophisticated analytical tools, improved design strategies that enable human activities
to better align with the earth’s ecosystems are urgently needed. Currently, data gathering
technologies are far more advanced than the design professions’ abilities to synthesize and
utilize this information to create sustainable settlement patterns. In fact, data acquisition
techniques such as satellite, GIS, remote sensing, and the internet are so advanced that
when combined they could easily be likened to a “nervous system,” a sensory capability of
the planet itself—hardwired to our global culture. Yet the design professions, other than a
few landscape architects, have not plumbed the potential of this system. In regards to
Buckminster Fuller’s “Spaceship Earth,” the ‘crew’ is neither maintaining nor operating the
ship properly, and are frequently in the wrong place at the wrong time. Question: What
methodologies would enable effective synthesis of this continuous data flow to inform
meaningful design decisions? This paper will explore the planetary “nervous system”—with
its various data gathering techniques—and how, through simple analytical methods, we can
enable design of better ways to “fit humans to the planet.”

Introduction
The Current Crisis. The Earth’s population has doubled in the past half century. It is
predicted to peak at 9.22 billion by 2075.1 Additionally, for the first time in history the
majority of the world’s population is now located in urban areas, and the percentage is
increasing rapidly. According to the UNFPA 2 “The State of the World Population 2007:
Unleashing the Potential of Urban Growth,” as of June 2007 “more than half of the world’s
population, or 3.3 billion people, will be living in urban areas and the number is expected to
swell to almost 5 billion by 2030...” While many cities will expand to accommodate the
demographic shift, many new cities and settlements will inevitably need to be created.
Compounding the problem, global warming is causing major climatic shifts, and rising sea
levels. Around 50% of the world’s population is located in coastal lowlands. As sea levels
rise, many cities and towns—indeed some whole nations—will not be able to adapt. This
will lead to relocation of parts or whole segments of populations. An example of this reality:
Mohamad Nasheed, President-elect of the Republic of Maldives has proposed a fund “to
buy a new homeland” in case the low lying islands and atolls of the nation are inundated by
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rising sea levels.3 These issues raise many questions: When should cities resist changing
conditions with adaptive measures such as dikes? When should new settlements be
created? Where and how should such settlements be located? How will these decisions be
made? What is the role of design practitioners in the settlement and resettlement of
peoples?

Fitting Humans to the Planet—A Vision for Collaborative Action
“The planet presents itself to us, ...not as a uniform global reality but as a complex of highly
differentiated regions caught up in the comprehensive unity of the planet itself. There are arctic
and tropical, coastal and inland regions, mountains and plains, river valleys and deserts. Each
of these has its distinctive geological formation, climatic conditions, and living forms. Together
these constitute the wide variety of life communities that may be referred to as bioregions.
Each is coherent within itself and intimately related to the others. Together they express the
wonder and splendor of this garden planet of the universe.” - Thomas Berry

In order to best fit people to the capabilities of Earth, scientists, design practitioners, and
policy makers need to work together globally to determine suitable places for people to live
—and to use finite resources sustainably. To achieve this, there is a need for global vision,
and a dialogue about global options. As a design tool, global suitability analysis can
become part of the toolkit and ‘vocabulary’ of contemporary designers—used to make more
informed spatial decisions and engage in informed dialogue with other practitioners.
“The most difficult transition to make is from a homo-centric to a bio-centric norm of progress.
The entire life community must progress. Any progress of the human at the expense of the
larger community of the living must ultimately lead to a diminishment of human life itself. A
degraded habitat will produce degraded humans; an enhanced habitat will assist toward an
elevated mode of the human.” Thomas Berry4

In essence, this paper is an invitation to think about how humans are going to operate the
“spaceship earth” during the next few decades, and into its evolving future. It is an invitation
to consider how local decisions can be informed by global realities. As many are
discovering, sustainable and regenerative design is about dialogue. Issues of sustainability
cannot be addressed by one profession or discipline alone, nor by each discipline working
alone. This paper invites another look at the seeds of today’s Geographical Information
Systems (GIS)–terrain analysis and suitability analysis–to see how these tools can inform
healthier design and development practices for the future.

Reconsidering Human Settlement
Natural systems are continuously dynamic and provide various types of feedback. Humans
have always sought ways to understand this feedback—often to maximize the ‘harvests’ of
the earth. Through domination and control of natural systems, humans are now
dramatically changing the ‘metabolism’ of ecosystems. As a result, we are observing and
experiencing increasingly extreme and unexpected feedback effects. These effects require
us to reconsider the fundamental purposes of our settlement patterns—and their underlying
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methods of providing for human subsistence, defense and reproduction. Proactive efforts to
mitigate negative impacts of human culture, require continuously improved tools and
techniques, applied with global perspective. During the past few decades terrain analysis,
suitability analysis and GIS—have been developed to collect and make sense of huge
quantities of data about the state of the earth. Although GIS is becoming more
sophisticated and easily updated in providing insights, and continually processing new data
steams, it suffers from ‘inertia.’ This inertia is of the same sort that limits the usefulness of
CADD: installed base and equipment investments that require maintenance support limit
the ability of the system to implement innovations—such as more intuitive interfaces to
leverage broader collaboration. To understand the potential of global suitability analysis that
makes use of the “nervous system” of Earth, it is helpful to understand a bit of history.

Understanding Suitability and Terrain Analysis Systems
Terrain analysis examines existing conditions such as soils, slopes, history of places;
whereas suitability analysis is a decision-support methodology for design purposes. In its
essence, terrain analysis is a highly systematic organization and mapping of landform
related data such as hydrogeology, geomorphology, existing land uses, mineral resources,
vegetation systems, etcetera. The resulting data maps are often used to inform settlement
and land use decisions through use of ‘criteria’ based on past uses of similar landforms and
soil profiles. Suitability analysis expands on terrain analysis and has an additional series of
methodologies that enable the design practitioner, engineer, naturalist or farmer to analyze
land for its fit with, or constraint of, proposed uses. Typically, data is digitally mapped using
an appropriate reference grid chosen to provide the desired ‘resolution’ for the study.
Inherently, suitability analysis is about design decision making, whereas terrain analysis is
about understanding existing conditions. Over the years, tools and data-gathering methods
have evolved to enable both types of analysis.

Emergence of Geological Mapping
“The Map That Changed the World:”5 In 1815, William Smith introduced the seeds of terrain
analysis with the creation of the world’s first geological map. He successfully deduced
large-scale rock sequences from observations of local strata based upon identification of
fossils unique to each level. Working alone for twenty years, he was able to map the
subsurface of all of England, Wales, and part of Scotland with uncanny accuracy.
Ultimately, his work informed the detailed mapping of geologic and soil profiles worldwide.
Soils reports became systematized—to provide basic “suitability and constraint” information
that included engineering, agricultural, mineral and landscape properties of the soils of
particular areas, townships or counties. They were highly developed at the local level. The
resultant soil profile mapping–which was generated over the course of two centuries is still
the most important data about the surficial morphology of the earth available today. Until
recently, this material was available only as printed reports with maps and (later) aerial
photographs, but increasingly it is being converted to digital form.
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Development of Remote Sensing
Until the 20th century, the predominant method of obtaining data about the earth was direct
field observation. The invention of stereo-imaging of terrain yielded the first ‘remote
sensing’ of the earth’s surface, which was made possible by the standardization of aerial
photography. Importantly, terrain analysis with remote sensing enabled practitioners to look
at large areas of land and relate geological substrata to land patterns, and many sub-types
of spatial data. As a result, practitioners started to use pattern clues to determine what
types of activities could be supported by different landforms. This process was initially
developed by surficial geologists and further refined by military intelligence organizations
before and during WWII. In his seminal text Terrain Analysis: A Guide to Site Selection
Using Aerial Photographic Interpretation, Douglas Way crystalized the process of terrain
analysis, based upon landform classification, and made it accessible and understandable to
design professionals interested in planning land uses to harmonize with natural systems.

Digitization, the GRID Program and GIS.
Prior to the 1970’s, suitability analysis was a haphazard and inferential process. McHarg’s
book Design with Nature was an effort to popularize and expand the practice within the
design professions. The GRID Program at Harvard was a seminal effort to automate and
digitize suitability analysis. Digitization enabled the development of a mathematical
suitability model in GRID that could apply relative weights to data categories, whereas
previously only a simple overlay system was possible. During the suitability analysis
process each data map (soil type for example) is restructured to reflect the suitability of
each (soil) type for specific human uses, and encoded into a reference grid in order of
relative desirability. A model is then generated overlaying the various restructured data
maps—such as soil type, bedrock characteristics, slope orientation, historical land use and
depth to water table—to identify areas of the site that could be used for certain purposes, or
not, depending on the situation. As noted, the digitized mathematical model allows the data
categories to be weighted. This is crucial for effective suitability studies because it allows
the practitioner to rank data categories according to importance in assessing suitability of
uses within a settlement. Certain categories, such as water and energy, can be considered
determining factors, or absolute restraints, for settlement. With weighting, these factors can
establish generally where settlement would be logical; while other factors allow for
refinement of how and where to place a building on a site. The concept of the grid mapping
system became the basis for the company ESRI, which is currently the leading GIS
software company.
A Geographic Information System (GIS) is an information handling system that receives
and stores, processes, analyzes and presents spatial data (maps or tabular). With its
capacity to receive continuous feedback from satellites and other data gathering devices,
as well as data inputs from digitized maps and tabular sources, GIS facilitates the activity of
the “nervous system of the planet.” As never before, large quantities of data are being
gathered, stored, processed and utilized to make spatial decisions. Data inputs include field
surveys, historical maps, and other types of localized paper sources, as well as remote
sensing data by using Global Positioning System receivers (GPS) and other types of Global
Navigation Satellite Systems (GNSS).

Despite its history of development by landscape architects, GIS is used for global studies
by scientists, demographers, planners, real estate professionals and marketers, but
typically not by the design community. Why is this? Remote sensing and GIS hold great
promise for locational studies to “repopulate the planet,” and yet this promise has not been
realized for a number of reasons: a) The understanding of suitability analysis by designers
has been primarily confined to local scales. This is due, in part, to training of design
professionals, who are taught site-scale analysis and practice. b) Fragmented, incomplete
and/or outdated site data has been an on-going challenge for planners and design
professionals. Despite the abundance of data, it is often difficult to get the needed
information in an expedient manner when working on a project. c) The GIS with which
most practitioners are familiar is dominated in the marketplace by the ESRI software. The
software is expensive and supports a huge installed base, which makes it both inaccessible
to many and slow to change. However, increasingly more intuitive, and less expensive and
cumbersome software models are emerging. The rapid development of analytical and
historical capabilities in Google Earth is one example.
Suitability analysis and GIS are primarily understood and used in practice by landscape
architects and engineers, and at times planners, and are mostly used by these practitioners
at the local level. As a result, there is often a disconnect between the work of architects and
the knowledge base and practice of landscape architects, preventing a needed evolution of
global suitability analysis that engages the entire discipline. With their combined expertise
in terrain and design, landscape architects will need to play an increasingly central role in
fitting humans to the planet–as they currently do in the Netherlands–and that architects will
need to understand the processes enough to collaborate in design of settlements 6.

The development of Geospatial Technologies
The limits of existing GIS systems are recognized by many in the field of geo-spatial
technologies. However, numerous research and development fronts exist that are relevant
to the discussion of global suitability analysis and spatial decision making. Open source
geospatial analysis tools have entered the market including MSN Virtual Earth and Google
Earth, which enable design professionals to access global spatial analyses as well as more
localized data that allow for more globally aware decision making. For example, Google
Earth has a feature that allows the user to conduct a simulation of sea level rise at
incremental depths. These programs cost nothing or significantly less than conventional
GIS systems without cumbersome installation bases. Additionally, organizations such as
the Open Source Geospatial Foundation–a non-profit, non-governmental organization
dedicated to the development of open source geospatial technologies–have emerged to
improve access to geospatial technologies. This is not to say that these are the only
developments, but that the ‘Geospatial Information Systems’ are currently evolving in ways
that are helping design practitioners to understand their design decisions within a global
context.
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Principles of Conducting a Global Suitability Analysis
This paper is suggesting that coordinated globalized suitability analysis of land settlement–
based on available key resources such as water, energy and biological hotspots–is needed
to adequately address ecological and human population needs. What are the basic
principles that should guide this globalized practice? In order to illustrate the power of
suitability analysis for global scale decision making, a theoretical suitability analysis
process is outlined below, along with the principles that inform the process.

#1—The Principle of
Scale—Accepting
Responsibility for the
Planet
There is a need for a globally
aware decision making process.
It is time for design practitioners
to understand how their work
functions as part of the global
pattern. Global suitability
analysis–with further
development of GIS and remote
sensing–is important decision
support in stepping up to this
scale of responsibility.
Design questions change with
scale. Before asking, “How
should we build this city” (on a
particular site), it is important to
ask questions such as: “Where
should we place the city?” “What
is its primary purpose?” “Will it
produce most, or only some of,
its own food?” “What
responsibilities does it have to
husband (or restore) the biodiversity of its region?” “What
allowances (budgets) for water,
energy and other resources will govern its density?” “How does this settlement relate to the
global pattern and budgets for the overall cultural system? “What natural hazards will it
have to cope with in the future?” “Should it be moveable or fixed in location?” “Should there
be one bigger, or many smaller, settlements in the region?”
Second-order decision making is at the regional and then local scale. When actually
designing a settlement pattern–after the location has been determined–the questions
change: “How should the building be sited?”, “What materials should be used?”, “How is

the site protected during construction?”, and so forth. A number of different programs and
methods have been attempting to address these at the local scale, with varying degrees of
success. The Leadership in Energy and Environmental Design (LEED) rating system and
partnering program the Sustainable Sites Initiative are two such examples.

#2—The Principle of Prioritizing Resources
Certain resources are more important for human survival than others. When considering a
suitability analysis, it is important to determine these primary resources–basic human
needs– as primary inputs for the suitability analysis. To illustrate this process, three primary
resources have been chosen: renewable water, renewable energy, and biological
sensitivity. As part of the analysis, these resources can be weighted. To illustrate the
principle, renewable water resources have been weighted at 2 times that of energy or
biological hotspots. Without water, no organism can survive and although energy is also
required, it is easier to transport energy than water. Once an initial analysis has been done
with primary resources, additional data categories can be added to the analysis to refine
the study.

#3—The Principle of Budgeting
Each person needs to consume a certain amount of resources to survive, and usually
consumes more than what is required for basic survival. Total consumption per person is a
factor of the availability of the resource as well as basic human need, desire, and market
factors. In the case of this example, the following per capita consumption budgets have
been assigned to each resource:
Renewable water – 	


1,000 cubic meters of water per person7

Renewable energy – 	

 5,000 KWh of power per person8
Bio-sensitivity – 	


Illustrative allowances for maximum stress due to human uses.

#4—The Principle of Density
Based on the consumption budgets, each area of land is able to support a specific human
density, without exceeding the existing resource density. The following is the basic formula
for determining average densities by grid cell in the illustrations:
(2 x water density + energy density + biological density) / 4 = settlement density

#5—The Principal of Iterative Dialogue and Testing
Settlements evolve like any other organism. Fitting them to their environments cannot be
expected to achieve a utopian steady-state. Rather, a continuous dialogue, as design and
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locational strategies are carried out, will be needed. Changing technologies, natural
systems responses, transportation efficiencies, energy costs, and new design concepts are
a few of the factors that the ‘crew’ will need to consider.

#6—It is a matter of Design
Suitability analysis is a design technique, not science. Its methodology uses as much
scientific data as possible for decision support. Although the process came out of the world
of design, it is only partially mobilized by designers. The collaborative and iterative nature
of settlement design will become second nature as we adapt to global changes we have set
in motion. To illustrate this point, consider colonizing other bodies in the Solar System: in
this, the importance of primary suitability analysis is made obvious: To support human
culture, on other planets, there must be adequate water and water management. Energy
resources are critical. Without biodiversity, food, atmosphere, and all other organic
resources are lacking. These are but a few of the prerequisites for survival of human
culture.

Cities of the Future: New Ways of Relating to the Earth
As we abandon the hubris of belief that the world was provided for our exclusive use, we
will have a fascinating series of new potentials to become a more caring crew on our
spaceship: We can bring food production directly into some of our settlements in new hightechnology forms, perhaps freeing agricultural land for restored ecosystems and
biodiversity. We can create cities with entirely new industries devoted to sustainable energy
production and sustainable natural or “cradle to cradle” products.9 In some cases, we may
create nomadic settlements to manage bio-sensitive regions with minimal impact—
rediscovering lost hunting and gathering arts. The opportunities are virtually endless.
A Desert City—Socially diverse. Shaded by solar power farms and updraft wind turbines.
Limited in density to balance local water resources. Supported by virtual water imports from
other regions, and/or by desalinization. Contracts at night to conserve energy. Expands by
day to collect more energy.
A Temperate City—Integrated with its high technology agriculture industries. Highly selfsufficient and diversified. Energized by wind, solar, hydro, and geothermal power. Density
balanced to local renewable water, including any virtual water it may export.
A Northern Floater—Floating elements that move seasonally to link to various activities
related to management of ocean biological hot spots. Connected to land-based elements to
process waste, trade manufactured or gathered goods, and avoid severe weather.
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Examples of historic settlement types, predicated on human hegemony of the Earth

Conclusion:
Architects, and the design community in general, need to have a baseline for much more
informed conversations with policy makers, industrialists, naturalists agriculturalists and
many others, about fitting humans to the planet. Global transportation systems now need to
be designed to link sites for planned density-balanced settlements and to provide highly
efficient local mobility.
Don’t expect to find a huge discrepancy between where humans are currently located and
where the suitability analyses suggest are the best places to live. For the most, people
have located cities in areas based on these principles in the past. However, there are cities
that are finding themselves in less and less congenial places due to the shifting climate or
(especially) rising seas. Existing high density cities may have only limited capacity for
growth—or may need to shrink to support a sustainable lifestyle on its existing resource
base. The one pattern that is not compatible with a sustainable future on the spaceship is
our current form of low-density sprawl that destroys biodiversity and degrades human
lifestyles while consuming excessive and frequently unsustainable resources.
Most will agree that we are at a moment of paradigm shift. As the most powerful species in
the Earth’s web of life, we are confronted with a pressing need to figure out globally what
people are doing on the planet and to get a lot better at doing it. The techniques discussed
here are embedded in the global nervous system we have built. But to use them we must
strengthen all of our people: With sophisticated education for a huge variety of new jobs.
With social justice and rewarding lifestyles. With caring and nurturing attitudes towards the
planet and all elements of its amazing web of living creatures.

This is not simply a matter of engineering or science. Rather it is a continuous process of
design collaboration leading toward a stable “running-fit” to restore our spaceship to health.
Part of this process entails fresh thinking about the economics and the fundamental
purposes of human settlements.
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