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FOREWORD vii

Foreword

The discipline of geography has been undergoing a renaissance in the United States during the past decade.
Geography's research focus on the study of human society and the environment through the perspectives of
place, space, and scale is finding increased relevance in fields ranging from ecology to economics. At the same
time, many of its research tools and analytical methods have moved from the research laboratory into the
mainstream of science and business. Geography is undergoing a rebirth in education as well—it has become an
organizing framework for presenting a wide variety of classroom subjects. It is recognized as an important
subject in American schools, and enrollments in geography programs in American colleges and universities are
increasing sharply to meet demands from employers for geographically literate students.

Rediscovering Geography: New Relevance for Science and Society is the first comprehensive assessment of
geography in the United States in almost 30 years. It provides a broad overview of the discipline and shows how
its perspectives and tools are being used by educators, business people, researchers, and policy makers to address
a wide range of scientific problems and societal needs. It also provides recommendations for strengthening the
discipline's intellectual and institutional foundations to meet growing demands for geography-based knowledge,
education, and expertise. The report illustrates that good science and societally relevant science need not be
mutually exclusive endeavors, and it enables us to see clearly the societal benefits of scientific research.

The National Research Council very much appreciates the support this study received from the Association
of American Geographers, the Environmental

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE ix

Preface

Any academic discipline is a means, not an end. It is a means for such intellectual ends as learning,
knowing, and understanding. It is a means for such social ends as progress and problem solving. It is a means for
such individual ends as opportunity and fulfillment. Sometimes, we get so caught up in a search for paradigms
that perpetuate our disciplinary identities that we forget why it is that we are supported to do the jobs that we do.
But we can expect to be reminded in coming years that, just as the U.S. federal government is rethinking
functional subdivisions that date back many generations in preparing for a new century with limited resources,
the academic world will also be rethinking how it is subdivided and whether new approaches might be better for
reaching our collective ends.

In such a time of reflection and change, this report is about geography as a means rather than as an end. It is
about subject matter, tools, and perspectives rather than about an academic discipline as such, directed mainly
toward readers outside geography whose interest is more in what geography can offer to their concerns than in
how geography thinks of itself.

The reason for carrying out this assessment at this particular time is a well-documented growing perception
(external to geography as a discipline) that geography is useful, perhaps even necessary, in meeting certain
societal needs. As a result, many parties concerned about the ends of academic science have been asking more
from the information, techniques, and perspectives associated with geography than the nation's scientific and
educational systems are delivering; and the gap between demand and supply may be widening. The most salient
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aspect of this demand is in education reform, especially in grades K-12, where geography education is indeed
expanding rapidly. An expansion in classroom instruction without a strong foundation in knowledge and skills,
however, does not serve the ends of education well; and it is important to balance this one kind of response to
external demands with an assessment of the knowledge base that undergirds it.

More generally, in fact, it makes sense to start seeking answers to the geography demand-supply gap by
getting better informed about what geography as a scientific discipline is and does, both to understand the place
of the disciplinary infrastructure in meeting broader needs and to understand some of the dimensions of the still
inchoate questions arising externally. Furthermore, in struggling with relationships between transdisciplinary
ends and disciplinary means, in this case where geography is concerned, the broader scientific and societal
communities can advance the process of reconsidering the relevance of conventional academic disciplines as we
all look toward the future.

With these objectives in mind, the Rediscovering Geography Committee was established in 1993 to perform
a comprehensive assessment of the discipline of geography in the United States. The assessment is intended to
convey to a wide range of readers, especially scientists and decision makers who are not geographers, the
substance of geography as a subject—which is generally not well understood beyond a relatively small group of
professional practitioners—and to identify ways to make the discipline more relevant to science, education, and
decision making.

In performing its assessment the committee held five meetings during a period of about 12 months to gather
information, debate the issues, and develop this report. The committee made a special effort to communicate
with the geography community during the study and to solicit the advice of individual geographers. To this end,
the committee published notices in the monthly newsletter of the Association of American Geographers (AAG),
held special sessions at the 1994 and 1995 AAG annual meetings, and met with several groups of geographers
who indicated concerns about the committee's deliberations. Although many geographers provided valuable
input to our assessment, this report is a consensus document of the committee, and the committee is solely
responsible for its content, conclusions, and recommendations.

On behalf of the committee, I would like to recognize the efforts of many individuals and organizations who
contributed to the successful completion of this report. First of all, the committee would never have come into
existence without the leadership of the U.S. National Committee for the International Geographical Union, and
especially Melvin Marcus, its chair through 1992, who first identified the need for this reassessment given the
mounting scientific and societal demands on geography as a discipline. Mel, Bill Turner, and Tony de Souza
contributed to developing the project concept, and Reds Wolman, Julian
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Wolpert, and Ron Abler were instrumental in refining it and obtaining approval for the study to be carried out
under the auspices of the National Research Council.

The committee's effort would not have been possible without generous financial support from a variety of
agencies and organizations interested in both geography's ends and means. We gratefully acknowledge support
from the Association of American Geographers, the Environmental Systems Research Institute, the National
Geographic Society, an initial grant for planning purposes from the Governing Board of the National Research
Council, the Anthropological and Geographic Sciences Program of the National Science Foundation, the
Decennial Census Program of the U.S. Bureau of the Census, the Bureau of Transportation Statistics of the U.S.
Department of Transportation, the Environmental Monitoring and Assessment Program of the U.S.
Environmental Protection Agency, and the National Mapping Division of the U.S. Geological Survey.

The committee also expresses its gratitude to the many geographers who provided advice and materials for
the report, too numerous to list, to several colleagues who provided informal reviews of early drafts of selected
chapters (Ron Abler, Brian Berry, Michael Dear, Rodney Erickson, Susan Hanson, and Joel Morrison), and to
the anonymous reviewers enlisted by the National Research Council. We were assisted by the AAG Employment
Forecasting Committee—Pat Gober (Chair), Amy Glasmeier, James Goodman, David Plane, Howard Stafford,
and Joseph Wood—who, at the request of the committee and with the support of the AAG, produced materials
on the employment trends in geography that appear in Appendix A. We are grateful to the AAG for its
permission to include copies of journal articles by that committee in the appendix.

Finally, the committee and I thank the staff of the Board on Earth Sciences and Resources of the National
Research Council for its help in obtaining financial support for the study, facilitating the meetings, and working
closely with the committee to produce this report. In the early stages we were ably assisted by Bruce Hanshaw
and Shelley Myers. In the latter stages of committee meetings and throughout the period of report preparation,
we benefited from the superb administrative assistance of Jenny Estep, who was a model of professionalism,
productivity, and grace under pressure. Most profoundly, we are indebted to Kevin Crowley, the study director.
Kevin went far beyond the call of duty in contributing to the report intellectually as well as administratively, in
improving its communication to audiences external to geography, and in caring about the quality of both the
process and the product. We on the committee consider him a colleague and a friend in the fullest sense—and an
honorary geographer who sometimes helped us to see things in our own messages that we ourselves had missed.
His conscientious, diligent, and thoughtful participation reflects great credit on the National Research Council.

Thanks to you all, and my personal thanks to a fine committee who very quickly overcame differences in
subdisciplinary acculturation and personal self-interest to join together so effectively in a common enterprise.
Every individual
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member made a significant contribution, and I believe that all of us were enriched by the opportunity to work
together with such distinguished colleagues and interesting people. None of us is entirely happy with every detail
that emerged from the consensus process, but the overall orientation of the report represents a unanimous
judgment, and the report itself speaks for a strong consensus among a disparate group of strong-minded
individualists, all of them experts in some part of geography's intellectual territory. We trust that our assessment
will serve as a stimulus for a continuing discussion of the ends and means of geography, together with strategies
for strengthening their connections, because we certainly do not consider it the last word.

THOMAS J. WILBANKS, CHAIR
REDISCOVERING GEOGRAPHY COMMITTEE
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EXECUTIVE SUMMARY 1

Executive Summary

In the past decade, concerns about "geographic illiteracy” have been the catalyst for a new focus on
geography in the United States. Recent calls to "do something" about geographic illiteracy in this country can be
traced to concerns about U.S. competitiveness in the global economy, combined with surveys that documented
an astonishing degree of ignorance in the United States about the rest of the world. There is a growing public
recognition that our national well-being is related to global markets and international political developments, to
the continued prominence of environmental issues in social discourse, and to the emergence of computer and
telecommunications technologies that emphasize graphic images such as maps and other spatial diagrams—all of
which are associated in the public's mind with geography.

One result of this increased attention is a rediscovery of the importance of geography education in the
United States. Geography is identified as a core subject for American schools, on a par with science and
mathematics, in a series of recent policy statements and legislative proposals for national education reform.
These include the report of the Charlottesville, Virginia, Summit convened by the 50 state governors and
President Bush in October 1989; education reform plans of both the Bush and the Clinton administrations; and
Goals 2000: The Educate America Act, passed by Congress in March 1994.

Geography has also been rediscovered by students. In the period 1986/1987 to 1993/1994, the number of
undergraduate majors in geography grew by an estimated 47 percent nationwide and by 60 percent in Ph.D.-
granting departments. Between 1985 and 1991, graduate program enrollments in geography grew by
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33.4 percent, compared with a 15.3 percent increase in the social sciences and a 5.4 percent decrease in the
environmental sciences.

This process of rediscovery has been mirrored in the research community as well. Research at the frontiers
of fields as diverse as planning, economics, finance, social theory, epidemiology, anthropology, ecology,
environmental history, conservation biology, and international relations has highlighted the importance of
geographic perspectives. In particular, the importance of spatial perspectives—through such notions as place
and scale—is being recognized in many fields, extending the influence of geography well beyond its relatively
small group of professional practitioners.

The increased use of perspectives, knowledge, and techniques associated with a relatively small academic
discipline raises several questions for the scientific community. Most directly, what is geography, and how does
it connect with broad concerns of society and science? If geography is to play a more prominent role in
education and decision making, do its scientific foundations need to be strengthened in order to support its
expanded responsibilities?

With these questions in mind, the National Research Council established the Rediscovering Geography
Committee to perform a comprehensive assessment of geography in the United States. The objectives of this
assessment are:

to identify critical issues and constraints for the discipline of geography,

to clarify priorities for teaching and research,

to link developments in geography as a science with national needs for geography education,

to increase the appreciation of geography within the scientific community, and

to communicate with the international scientific community about future directions of the discipline
in the United States.

Nk e =

In addressing these issues, this report focuses on broad national and global themes in science and society,
geography's potential as a perspective and a body of knowledge to help address these themes, and constraints on
geography's capability as an academic discipline to respond. As examples, it draws mainly on experience from
within geography as a discipline, although valuable geographic work is done outside the discipline as well,
because the committee was comprised very largely of professional geographers. Where possible, however, the
examples are selected to illustrate the interconnectedness between disciplines that characterizes so much
geographic investigation and facilitates the flow of ideas, concepts, and techniques across disciplinary boundaries.

THE PERSPECTIVES, SUBJECT MATTER, AND TECHNIQUES OF GEOGRAPHY

To most Americans, geography is about place names. Concerns about geographic ignorance usually focus
on people's inability to locate cities, countries,
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and rivers on a world map, and geographic instruction is often equated with conveying information about remote
parts of the world. From this perspective it may be a surprise to some that the discipline of geography has a great
deal to say about many of the critical issues facing society in the late twentieth century.

Geographers are engaged in valuable research and teaching on matters ranging from environmental change
to social conflict (see Chapter 2). The value of these activities derives from the discipline's focus on the evolving
character and organization of the Earth's surface; on the ways in which interactions of physical and human
phenomena in space combine to create regions with distinctive natural and (or) social characteristics, or places;
and on the influences those places have on a wide range of natural and human events and processes. Such
concerns are not simply exercises in expanding the encyclopedic knowledge of faraway places; they go to the
heart of some of the most urgent questions before decision makers today.

A central tenet of geography is that "location matters" for understanding a wide variety of processes and
phenomena. Indeed, geography's focus on location provides a cross-cutting way of looking at processes and
phenomena that other disciplines tend to treat in isolation. Geographers focus on "real world" relationships and
dependencies among the phenomena and processes that give character to a place. Geographers also seek to
understand relationships among places: for example, the flows of peoples, goods, and ideas that reinforce
differentiation or enhance similarities. In other words, geographers study both the "vertical" integration of
characteristics that define place and the "horizontal" connections between places. Geographers also focus on the
importance of scale (in both space and time) in these relationships. The study of these relationships has enabled
geographers to pay attention to complexities of places and processes that are frequently treated in the abstract, if
at all, by other disciplines.

Geography's perspectives are supported by a body of distinctive techniques for observation, such as field
exploration, remote sensing, and spatial sampling, and for the analysis and display of geographic data, such as
cartography, visualization, spatial statistics, and geographic information systems (GISs; see Chapter 4). These
techniques are shared with other disciplines, but geography has contributed fundamentally to their development
and improved application.

The traditional tool in geography for the display of spatially referenced information is the map. To many,
the term "map" connotes a fixed, two-dimensional paper product containing point, line, and areal data. During
the past generation, however, advances in data collection, storage, analysis, and display have made this
traditional view obsolete. The modern map is a dynamic and multidimensional product that exists in digital form,
opening up new areas of research and application for geographic investigation. This research has led to the
development of GISs, which, along with techniques for geographic visualization and methods of spatial analysis,
facilitate an increasingly complex and contextual understanding of the world. Current research in GISs is
expanding
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the technique to incorporate more advanced geographic concepts and analysis methods.

GEOGRAPHY'S CONTRIBUTIONS TO SCIENTIFIC UNDERSTANDING AND DECISION
MAKING

Geography offers significant insights into some of the major questions facing both the pure and applied
sciences. In addition, as society itself is recognizing, many of the major questions facing society at the local,
national, and international scales have very important geographic dimensions.

Geography's traditional interest in integrating phenomena and processes in particular places, for example,
has a new relevance in science today, in connection with the search for what some have called a "science of
complexity." In its explorations as a science of flows, geography has been a leader in understanding spatial
interactions, a subject of broad interest to both science and society. Moreover, geography's long-standing
concern with interdependencies among scales is relevant to discussions across the body of science of
relationships between microscale (small or local) and macroscale (large or global) phenomena and processes (see
Chapter 5).

Geographic perspectives and techniques have found important applications in decision making in both the
private and the public sectors, especially as global economic and environmental issues and modern information
technologies have grown in importance. Geographers have made significant contributions to decision making at
local, regional, and global scales for a wide variety of issues—for example, management of hazards,
understanding global environmental and economic changes and their interactions with local changes, and
developing effective business strategies (see Chapter 6).

STRENGTHENING GEOGRAPHY'S FOUNDATIONS

The ability of geographers to respond to the growing demand for its skills and perspectives is limited by
several realities (see Chapter 7). Despite three decades of growth in the number of professional geographers, the
geography community remains small relative to most other natural and social science disciplines. Few colleges
and universities have large geography departments, and many institutions of higher learning have no geography
programs at all, including some of the nation's leading universities. This situation is extraordinary by world
standards because geography is a core subject in most universities in Europe and East Asia. Additionally, women
and minorities are underrepresented in senior academic and professional positions relative to their numbers in the
general population, and, at present, few minorities are entering the field. This small human and programmatic
base will make it difficult for the discipline to respond
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effectively to increased demands for attention—demands that are likely to increase still further in the years
ahead, especially in education.

Realizing geography's potential requires more than addressing the problems presented by the discipline's
small size and limited diversity, however. In several critical subject areas, geography's intellectual foundations
need to be strengthened to ensure that its contributions to science and society are solidly grounded. The
discipline needs to strengthen its understanding of complex systems;' interactions between scales; interactions
between society and nature; and geographic learning, including the effectiveness of interactive learning tools on
geographic education. At least as important, the appreciation and use of geography by nongeographers need to be
fostered, so that the capacity to make use of the discipline's perspectives, knowledge, and techniques grows
along with the capacity of the discipline to supply them. This includes enhancing the geographic competency of
the general population and fostering better geographic training in colleges and universities.

Filling these gaps will require external support of types and at levels beyond those that have been
characteristic in the past, in a setting where conventional sources of support will be constrained by external
circumstances. Looking toward the next century, it seems clear that realizing geography's potentials will require
innovative new partnerships between provider and user, supported and supporter, one science and another, and
basic research and applications of knowledge.

If geography as a discipline can be a pathfinder in developing and fulfilling such partnerships, it can play a
significant role in realizing its potential, without depending entirely on external action. But in doing so the
discipline faces its own internal challenges. In order to respond to external demands and to gain additional
external support, the discipline needs to place increased emphasis on such traditional strengths as integration in
place, field observation, and foreign field research, as well as geography education as a challenge for research
and practice. It also needs to promote more professional interactions with other scientific disciplines and with
users of geographic knowledge in government and business at all levels. And it needs to enhance not only its
diversity as a discipline but also its appreciation for diversity.

The Rediscovering Geography Committee has concluded that a number of internal and external actions are
needed to strengthen the discipline and thereby increase its contributions to science and society in the United
States in the coming decades. Chapter 8 lists the full set of conclusions. The committee's 11 recommendations
are divided into three categories oriented toward the external audiences of this report, including one
recommendation about the process of implementing the previous 10:

! The term complex is used to describe processes or systems that exhibit nonlinear (i.e., multiplicative or exponential) or
chaotic (i.e., unpredictable) behaviors. Many processes and systems studied by geographers (e.g., climate, stream-network,
ecosystem, and landscape systems) exhibit complex behaviors.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

ance for Science and Society

EXECUTIVE SUMMARY 6

To improve geographic understanding:

1. Increased research attention should be given to certain core methodological and conceptual issues in
geography that are especially relevant to society's concerns.

2. More emphasis should be placed on priority-driven, cross-cutting projects.

3. Increased emphasis should be given to research that improves the understanding of geographic
literacy, learning, and problem solving and the roles of geographic information in education and
decision making, including interactive learning strategies and spatial decision support systems.

To improve geographic literacy:

4. Geography education standards and other guidelines for improved geography education in the
schools should be examined to identify subjects where geography's current knowledge base needs
strengthening.

5. A significant national program should be established to improve the geographic competence of the
U.S. general population as well as of leaders in business, government, and nongovernmental interest
groups at all levels.

6. Linkages should be strengthened between academic geography and users of its research.

To strengthen geographic institutions:

7. A high priority should be placed on increasing professional interactions between geographers and
colleagues in other sciences.

8. A specific effort should be made to identify and address disparities between the growing demands
on geography as a subject and the current capabilities of geography to respond as a scientific
discipline.

9. A specific effort should be made to identify and examine needs and opportunities for professional
geography to focus its research and teaching on certain specific problems or niches, given
limitations on the human and financial resources of the discipline.

10. University and college administrators should alter reward structures for academic geographers to
encourage, recognize, and reinforce certain categories of professional activity that are sometimes
underrated.

To encourage implementation of these recommendations:
11.  Geographic and related organizations—especially the Association of American Geographers,

National Geographic Society, National Science Foundation, and the National Research Council—
should work together to develop and execute a plan to implement the recommendations in this report.
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1

Introduction

In the past decade, concerns about "geographic illiteracy" have been the catalyst for a new focus on
geography in this country. Our future as a nation depends substantially on our knowledge base, and many
observers agree that current problems with productivity and competitiveness can be traced in large part to
deficiencies in this knowledge base among our fellow citizens. One of the most glaring of these deficiencies is in
our knowledge of geography, which is the reason for this report.

Recent calls to do something about geographic illiteracy in the United States can be traced to concerns in
the 1980s about U.S. competitiveness in the global economy, combined with surveys that documented an
astonishing degree of ignorance in the United States about the rest of the world. For example, in a 1986 survey of
adults in nine countries, young U.S. adults knew the least about geography of any age group in any country.
About one-half could not point out South Africa on a map or identify even one South American country, and
only 55 percent could locate New York (Gallup Organization, Inc., 1988). Similarly, a 1987 survey of 5,000 high
school seniors in seven cities found that one-quarter of Dallas students could not name the country bordering the
United States on the south (Gallup Organization, Inc., 1988).

Since the mid-1980s, calls for attention to geographic illiteracy have been frequent, not only from academia
and the federal government but from business and state government as well. Consider the following examples:

We as a nation are constantly surprised by world political and economic events. They occur in places we never
heard of for reasons we do not understand. And

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

INTRODUCTION 8
we often do not realize the importance of these events in our daily lives. . . . We must accept the fact that we are as
dependent on other nations as they are on us, and we must begin to understand our global neighbors. . . . The

problem is that we often do not teach geography in this country, and when we do, it is frequently taught poorly.'
(Southern Governors' Association, Cornerstone of Competition, November 1986)

I was disturbed by a new survey that shows most Americans don't know where to find the major trouble spots of the
world. . . . Before we can figure out how to stop people from stealing our jobs or sending us their illegal drugs, we
at least had better find out where they are. (Clarence Page, Chicago Tribune, July 31, 1988)

The United States is not well-prepared for international trade. . . . How are we to open overseas markets when other
cultures are only dimly understood? The imperatives are clear: It is time to learn languages. It is time to learn
geography. It is time to change our thinking about the world around us. For we cannot compete in a world that is a
mystery beyond our borders. (National Governors' Association, America in Transition: The International Frontier,

1989)

Geographic information is critical to promote economic development, improve our stewardship of natural
resources, and protect the environment. (Presidential Executive Order, Coordinating Geographic Data Acquisition
and Access: The National Spatial Data Infrastructure, April 11, 1994)

Behind these calls for increased attention to geographic illiteracy in a very broad sense is a growing public
recognition that our national well-being is related to global markets and international political developments, the
continued prominence of environmental issues in social discourse, and the emergence of computer and
telecommunications technologies that emphasize graphic images such as maps and other spatial diagrams.

One result of this increased attention is a rediscovery of the importance of geography education in the
United States. Geography is identified as a core subject for American schools, on a par with science and
mathematics, in a series of recent policy statements and legislative proposals for national education reform.
These include the report of the Charlottesville summit convened by the 50 state governors and President Bush in
October 1989; education reform plans of both the Bush and the Clinton administrations; and Goals 2000: The
Educate America Act,” passed by Congress in March 1994.

Geography has also been rediscovered by students. In the period 1986/1987 to 1993/1994, the number of
undergraduate majors in geography grew by an estimated 47 percent nationwide and by 60 percent in Ph.D.-
granting departments.

! In 1987 only 15 percent of high school graduates had completed a course in world geography (National Center for
Education Statistics, 1993), and other sources indicate that many of the courses were taught by instructors with little or no
training in geography.

2P.L. 103/227, March 31, 1994.
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Between 1985 and 1991, geography graduate program enrollments grew by 33.4 percent, compared with a
15.3 percent increase for the social sciences and a 5.4 percent decrease for the environmental sciences (see
Figure 1.1 and Appendix A).

This process of rediscovery has been mirrored in the research community as well. Research at the frontiers
of fields as diverse as planning, economics, finance, social theory, epidemiology, anthropology, ecology,
environmental history, conservation biology, and international relations has been highlighting the importance of
geographic perspectives (e.g., Giddens, 1984; CIliff and others, 1986; Forman and Godron, 1986; Krugman,
1991; Soule, 1991; Ruggie, 1993). The importance of a geographic perspective—through recognizing the critical
importance of such notions as place and scale—is being acknowledged in many fields, extending the influence of
geography well beyond its relatively small group of professional practitioners.

This increased emphasis on the perspectives, knowledge, and tools associated with a relatively small
academic discipline raises several questions for the scientific community. Most directly, what is geography, and
how does it connect with the broad concerns of society and science? Also, if geography is to play a more
prominent role in education and decision making, do its scientific foundations need to be strengthened in order to
support its expanded responsibilities?

With these questions in mind, in 1993 the National Research Council (NRC) established the Rediscovering
Geography Committee to perform a comprehensive
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Figure 1.1
Undergraduate enrollments in geography, 1987/1994.
Source: Appendix A, this report.
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assessment of geography in the United States. The objectives of the assessment are the following:

to identify critical issues and constraints for the discipline of geography,

to clarify priorities for teaching and research,

to link developments in geography as a science with national needs for geography education,

to increase the appreciation of geography within the scientific community, and

to communicate with the international scientific community about the future directions of the
discipline in the United States.

Nk e =

CONTEXT OF THE REPORT

This assessment was conducted during a time of widespread change in conditions both external and internal
to the discipline. As a result, change became a central theme of the committee's deliberations. The deliberations
resulted in this report, which differs significantly from previous NRC assessments of the discipline.? Earlier
assessments focused internally on disciplinary paradigms and vocabulary. This report instead is focused outward
on broad national and global issues; geography's potential as a body of knowledge, perspectives, and techniques
to help address them; and constraints on geography's capability as an academic discipline to respond. It is written
to articulate to the scientific and policy making communities geography's relevance to such issues, to assist the
discipline itself in strengthening its connections with them, and to spotlight the roles of scientific knowledge and
skills in geography's response to external expectations.

In order to put the report in perspective, the changes considered by the committee are worth reviewing.

Changes in Society

During the past decade, American society has been profoundly affected by global geopolitical, political-
economic, and environmental changes. In this dramatic period, political and economic reforms in the former
Soviet Union and Central Europe ended the Cold War, which dominated international relations for nearly half a
century. The Pacific Rim and Western Europe have become potent competitors for international and U.S.
domestic markets, creating new concerns about the U.S. trade balance and U.S. jobs. Market reform and
democratization in many areas—Eastern Europe, India, China, Mexico, South Africa, and else-

3 Compare, for example, with two NRC assessments of geography in the 1960s: The Science of Geography (NRC, 1965)
and Geography (Taaffe et al., 1970).
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where—have changed international political-economic relationships. Scientific evidence of a thinning of the
Earth's ozone layer has led to a new sensitivity to trends in global environmental change, and further evidence of
accelerated changes in our physical environment—for example, land and water pollution, deforestation, and
desertification—has triggered a general concern about "sustainable development." In fact, uneasiness about
environmental changes, local and distant, is having an unprecedented impact on policy agendas and market
conditions worldwide. In addition, technological change has produced a revolution in information delivery and
communication, as powerfully demonstrated during the Gulf War of 1991. Few periods in world history have
seen such widespread fundamental change. Although these changes have focused welcome attention on
geography as a subject, geography as an academic discipline is limited by size and other constraints from
contributing its knowledge, perspectives, and techniques to improving the nation's ability to cope with and
prosper under these changing conditions.

Changes in Relationships Between Society and Science

American society has grown increasingly skeptical about the wisdom and value of science, as traditionally
defined. One reason may be that advances in science have not been matched by advances in the human condition
(e.g., Handler, 1979). Another may be that society expects science to reduce uncertainties, when in so many
cases it has instead increased uncertainties. At any rate, science is now being held accountable for its payoffs,
during a period when public funds to support research and education are increasingly scarce (NRC, 1993a). The
era when public support for science could be expected to increase more rapidly than the nation's rate of
economic growth is over, at least for now (Gibbons, 1994), and science is being measured against its usefulness
in improving the human condition (OSTP, 1994). Although geography is not accustomed as an academic
discipline to thinking in these terms, it has a history of relatively close links between basic research and societal
issues. This experience can be useful to the scientific community, as well as to geography itself, under the new
conditions for support of science.

Changes in Relationships Between Society and Geography

Perhaps the most dramatic indication of changes in geography's external environment has been the
emergence of a strong grass-roots demand for geography education for the first time in U.S. history. Without
reviewing the history of Goals 2000: The Educate America Act in any detail, it is clear that geography is being
asked to meet educational needs at kindergarten through grade 12 (K-12) levels that extend beyond geography as
an academic discipline per se. In many respects, geography is being seen as an umbrella under which students

Copyright © National Academy of Sciences. All rights reserved.
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are taught broadly about interconnections in the contemporary world. Although this spotlight is most welcome
from the standpoint of a discipline that for decades felt that it received too little attention, it comes at a time
when most universities and institutions that support research face severe financial stringencies, limiting their
ability to provide the resources needed to meet the increased expectations from geography that are equivalent to
those of much larger bodies of science.

Changes Within Geography Itself

Finally, since the previous NRC assessments, geography in the United States has become larger and more
prominent. For example, since 1960 the membership of the Association of American Geographers (AAG) has
grown from 2,000 to more than 7,000, and the number of geographers elected to the National Academy of
Sciences has increased from zero to eight. Geography has changed in its central thrusts as a discipline, moving
toward emphases articulated by Robert Kates as president of the AAG in 1993/1994: improving geographic
literacy, relating geographic scholarship to social needs, and strengthening connections with others (Kates,
1994a). The discipline has become more issue oriented in its research agendas, and it has directed more of its
attention to moral dimensions of research questions.* Such major geographic organizations as the AAG and the
National Geographic Society (NGS) have moved toward closer associations, and all of geography's national
associations (AAG, NGS, the National Council for Geographic Education, and the American Geographical
Society) have come together to promote initiatives in geographic education through the Geography Education
National Implementation Project.’

Many of these changes within geography are themselves responses to changes in society, and some of them
have affected the ways professional geographers view the search for knowledge. Although this report is about
geography as a science, such a focus is itself different from what it was a generation ago (see Sidebar 1.1).

At the same time, geography (like other disciplines) has been shaped by its access to resources for research
and teaching. For instance, the focus in the late 1960s and early 1970s on U.S. social and environmental
problems, combined with a steep reduction in financial support for foreign-area research, reduced the proportion
of younger American geographers pursuing field research in other countries. In addition, the rapidly growing
importance of technologies for information gathering, analysis, and display has increased the costs of staying at
the frontier in many fields of geographic research.

Taken together, these changes are both so profound and so recent that,

4 In the sense of research that provides scientifically valid methods to investigate many of the moral questions of concern
to society.
> For additional information about geography's organizations, see Appendix B.
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looking toward a new century, the committee believes that its task calls for breaking new ground.

SIDEBAR 1.1 GEOGRAPHY'S APPROACHES TO LEARNING

Caught up in a world of change, geography has been extending and diversifying its ways of seeking
knowledge, that is, its epistemologies. The ascendance of traditional scientific methods in the 1960s
brought a new emphasis on theory within both the subject and the discipline, and these traditions have
matured and progressed since then, especially in physical geography. Meanwhile, a full complement of
other approaches being explored in the social sciences and humanities have also found expression in
geography, partly because geography's subject matter is so wide-ranging, and partly because of concerns
across the research world about claims of neutrality or objectivity associated with any particular path toward
knowledge. For example, "social theory" has had a major impact on geographic research, emphasizing the
societal context of historical processes, and geographers have struggled with arguments that all “scientific"
theory and observations are socially constructed and that all interpretations are contingent on the social
context of the analyst (see the last section in Chapter 3, "Geographic Epistemologies"). Professional
geographers also carry out research that is not intended to be scientific but is anchored in the humanities.
Insights from such research are often valuable sources of ideas for geography as a science, and they
remind geographers of the power of imagination and narrative in pursuing understanding.

This report takes an eclectic and inclusive view of geography as a science, emphasizing the relevance
of research results more than the procedures used to derive them. It reflects the committee's view,
permeating many of the sciences today, that multiple paths toward understanding are worth exploring and
that break-throughs in learning are likely to be fostered by a dialogue among many different paths.

SCOPE OF THE REPORT

A further issue for the committee was its interpretation of relevance, in terms of external expectations on the
academic discipline of geography. Rather than limiting the scope of its work to geographic illiteracy, narrowly
defined (e.g., the role of geography in disseminating basic facts about foreign areas), the committee examined
geography's current and potential connections with a broader range of societal and scientific challenges and
opportunities as the twentieth century draws to a close.

As one example of such a broader agenda, the National Science Foundation recently identified eight
strategic fields of research, education, and information transfer, associated with U.S. national objectives
identified by the President's National Science and Technology Council (NSF, 1994). Of these, five are fields in
which geography should be a central contributor: global change research;
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environmental research; high-performance computing and communications (e.g., geographic information
systems and visualization); civil (public) infrastructure systems; and science, mathematics, engineering, and
technology education consonant with the Educate America Act. Geography is also relevant in more subtle ways
to the other three fields—biotechnology, advanced materials and processes, and advanced manufacturing
technology—through its focus on environmental and social issues, resource use, locational decisions, and
technology transfer.

At the same time, as it seeks to improve our understanding of these issues and the more basic questions that
underlie them, science is confronting certain fundamental issues across a wide range of disciplines that seem
conceptually similar. As a part of science, geography is deeply involved in some of these issues, such as
relationships between macroscale and phenomena and processes,® understanding complex systems, ’ developing
integrative approaches to understanding complexity, and understanding relationships between form and function.

This report examines geography's current and potential relevance to these kinds of issues for science as well
as to salient issues for society.

CONTENT OF THE REPORT

To address these questions, Chapter 2 of this report offers several brief examples of geography's relevance
to critical issues for U.S. and international society, laying a foundation for later chapters. Chapter 3 summarizes
the perspectives of geography as it addresses these and other issues, and Chapter 4 describes geography's
techniques. Chapters 5 and 6 then turn in somewhat more detail to geography's potential to contribute first to
scientific understanding related to critical issues and then to decision making related to such issues. Chapter 7
confronts certain needs for research and learning initiatives in order to strengthen the discipline's foundations if it
is to respond effectively to the changes that confront it, including the unprecedented demands to support
educational reform in the United States. Finally, Chapter 8 presents the committee's conclusions and
recommendations related to research, education, and outreach. Appendix A reports available data on education
and employment trends in geography.

As noted previously, this report is written partly to address the interests

S Macroscale and microscale define the end points of a continuum of spatial geographic scales often referred to as the
local-global continuum. This continuum ranges from very local (e.g., a town or a city block) to global (i.e., at the scale of the
Earth). Geographers generally divide this continuum into three segments: micro-, meso-, and macroscale. These are roughly
equivalent to local, regional, and global scales as defined by conventional usage.

7 The term complex is used to describe processes or systems that exhibit nonlinear (i.e., multiplicative or exponential) or
chaotic (i.e., unpredictable) behaviors. Many processes and systems studied by geographers (e.g., climate, stream-network,
ecosystem, and landscape systems) exhibit complex behaviors.
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and concerns of nongeographers about geography's subject matter rather than geography as a discipline (see
Sidebar 1.2). It does not review the current state of geography to inform the discipline itself. It is not a
description of the history of the discipline in the United States or of how its history has been different in other
countries. It is not the statement of a disciplinary consensus on the issues that are addressed. It does not provide a
comprehensive review of geography's literature. Indeed, the committee made a conscious effort to keep
referencing to a minimum.?

Instead, this report is written for the broad audience that is curious about geography's new place in a
national spotlight. It reflects the consensus of the committee on how geography can contribute to issues for
science and society on the threshold of the twenty-first century.

SIDEBAR 1.2 GEOGRAPHY, GEOGRAPHER, GEOGRAPHIC: WHAT'S IN A NAME?

The knowledge, perspectives, and techniques of geography (i.e., geography's subject matter), which
are discussed in Chapters 3 and 4 of this report, have found wide application in many scientific fields, and
they are practiced by more than professional geographers alone. In preparing this assessment of the
relevance of geography to science and society, the committee focused on this subject matter because that
is the essence of the rising external interest, rather than on the discipline per se.

The examples used in this report were largely taken from the geography literature with which the
committee is most familiar, although some references are also made to work by scientists who would not
call themselves geographers nor refer to their work as "geographic," even though it concerns geography's
subject matter. The committee has made no effort to define the boundaries of geography as an academic
discipline because the boundaries are diffuse and unlikely to be of much interest to the nongeography
audience for this report. Nor has the committee sought to lay claim to an expanded boundary for geography
as a discipline by claiming the geographic work of other disciplines as its own. Rather, the committee's
intention is to illustrate the application of geography's subject matter wherever it is done—and thereby to
demonstrate geography's interconnectedness to other scientific disciplines, which hastens the flow of
ideas, concepts, and techniques, and to encourage a stronger influence of geography far beyond its small
group of academic practitioners.

In this report the committee uses the term geography to refer to the academic discipline and its subject
matter, some of which is shared with other natural and social science disciplines. The term geographer is
used to refer to practitioners of geography who have acquired expertise in the discipline's knowledge,
perspectives, and techniques, either through academic training or other professional experience. The term
geographic is used to differentiate the subject matter of geography from the academic discipline.
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8 For more information about the discipline's literature, see Abler et al. (1992) and Gaile and Willmott (1989).
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2
Geography and Critical Issues

To most Americans, geography is about place names. Concerns about geographic ignorance usually focus
on people's inability to locate cities, countries, and rivers on a world map, and geographic instruction is often
equated with conveying information about remote parts of the world. From this perspective it may be a surprise
to some that geography has relevance to many of the critical issues facing society in the late twentieth century.

Geographers and others using geographic knowledge and perspectives, in fact, are engaged in valuable
research and teaching on matters ranging from environmental change to social conflict. The value of these
activities derives from geography's focus on the evolving character and organization of the Earth's surface, on the
ways in which the interactions of physical and human phenomena in space create distinctive places and regions,
and on the influences those places and regions have on a wide range of natural and human events and processes.
Such concerns are not simply exercises in expanding the encyclopedic knowledge of faraway places; they go to
the heart of some of the most urgent questions before decision makers today: How should societies respond to
the accelerated pace of environmental degradation in many parts of the world? What are the underlying causes
and consequences of the growing disparities between rich and poor? What are the mechanisms that drive the
global climate system? What causes the severe floods that have occurred in recent years, and how can society
cope with such events? How is technology changing economic and social systems?

Addressing such questions goes far beyond the abilities and insights of any one discipline. Yet each
question embodies fundamental geographic dimen
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sions—dimensions that are ignored at society's risk. The geographic perspective is concerned with the
significance of place and space on processes and phenomena (see Chapter 3 for a fuller discussion). The
geographic perspective motivates such questions as: Why is a particular phenomenon found in some places but
not others? What does the spatial distribution of vegetation or homeless people or language traits tell us about
how physical and human processes work? How do phenomena found in the same place influence one another,
and how do phenomena found at different places influence one another? How do processes that operate at one
geographic scale affect processes at other scales? What is the importance of location for efforts to effect (or
avoid) political, social, economic, or environmental change?

The importance of the geographic perspective to many contemporary “critical issues" for society is
illustrated by a few selected examples in the following sections.

ECONOMIC HEALTH

Perhaps the main reason for American society's strong interest in geography in the 1990s is a sense that
jobs, income, and entrepreneurial opportunities in the United States are connected with the global marketplace.
The United States is caught up in the profoundly important process of global economic restructuring, in which
every nation seeks competitive advantage in providing products and services that global consumers want. U.S.
citizens no longer have the highest average standard of living in the world, and many citizens believe that other
countries are doing a better job than the United States in responding to new economic conditions. Moreover,
U.S. cities and regions are dealing with other dimensions of global economic change, such as reduced military
spending with the end of the Cold War and increased interest in environmental sustainability.

Geography is expected to ensure a flow of accurate, timely, and useful information about the rest of the
world, but it is more than a repository of place facts. It asks, for example: How and why do commodities, money,
information, and power flow from one place to another? What characteristics of a place cause it to do better
economically than another? What actions are best taken at national, regional, or local scales to improve
economic development? How does global economic change relate to global environmental change?

Geographers contribute to understanding and responding to global economic change through their focus on
place and space—in this context, the effects of place (location) and space (the connections between locations at
different scales) on economic change and development. For example, Glasmeier and Howland (1995) used the
heterogeneous and rapidly growing service sector to study the impacts of advanced information technologies on
the growth of rural areas in the United States, recognizing the distinctiveness of rural areas as well as the social,
economic, and geographic differences among rural areas. Geographers
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view nations not only as pieces of a mosaic but as mosaics themselves, that is, of geographically varying
combinations of local knowledge and resources. Geographers go beyond regional estimates of production costs
and product markets to understand the complex relationships among regional political, social, and environmental
conditions and processes. Markusen (1987), for instance, has reviewed the economic and political history of
regions and regionalism within the United States to relate political movements and economic structure in an
historical and geographic context. Geographers examine location as a factor influencing the connections of
particular places to global changes and flows.

A good example of a geographic perspective in action is an analysis of relationships between regional
economic growth in the United States and patterns of military expenditures, which was led by Ann Markusen
and Peter Hall (Markusen et al., 1991). This analysis suggested that publicly financed industrial production has a
different geographic pattern than privately funded industrial activity because of strategic considerations such as
the decentralization of production and the importance of relationships among defense contractors, military
offices, and congressional budget decisions. Further, it suggested that different periods of military spending have
different geographies, but spending in each period has considerable spatial concentration. For instance, "hot
wars" such as World War II, Korea, and Vietnam tended to reinforce the prominence of existing industrial
centers in the Northeast and Midwest, whereas Cold War spending patterns tended to shift military procurement
toward the South, West, and New England. These concentrations make it difficult for regions dependent on
military spending to adjust when the nation moves from one period to another.

Such research findings have helped the federal government appreciate the importance of formulating
programs to help defense-dependent communities adjust to plant and facility closings and other impacts of
defense spending cuts. For instance, these findings have been influential in stimulating initiatives to educate state
and local economic development officials about reemployment strategies and options for plant and facility reuse.

ENVIRONMENTAL DEGRADATION

As the twentieth century draws to a close, there is growing concern that humans are irreparably degrading
the physical environment that supports them. A wide range of human activities contributes to this problem,
including the pollution of air, land, and water as a result of industrial and agricultural activities. In many parts of
the world the quality of the air has declined to the point that plant and animal communities are threatened, as
well as human health. The heavy use of fertilizers and pesticides in agriculture and the expanding quantity of
waste that must be stored on or near the Earth's surface are impairing the quality of the land surface of the planet.

Understanding and confronting the environmental degradation problem

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY AND CRITICAL ISSUES 19

requires more than a physical analysis of particular pollutants or an institutional analysis of decision making
structures. It also requires geographic analysis. Why do polluting industries concentrate in particular locations?
Where do pollutants go once they leave a factory or dump? Where are the best places to locate polluting
industries and hazardous waste disposal facilities? What is the relationship between political and environmental
patterns, and how does the disjunction between the two influence efforts to confront environmental degradation?
Answering geographic questions of this sort requires careful analysis of the spatial character of pollution and the
dynamic interactions between humans and their environment as a function of place.

As one example, during and shortly after the Manhattan Project,! workers at Los Alamos National
Laboratory in northern New Mexico released some plutonium onto nearby canyon floors where it became
attached to sedimentary particles. In subsequent decades, natural processes moved some of the sediments and
their attached plutonium to the Rio Grande River, raising concerns about environmental and health hazards
(Graf, 1994). Geographic analysis of the flows of plutonium through the general river system revealed that, on an
average annual basis, 90 percent of the plutonium moving through the system was from sources other than the
laboratory discharges—for example, fallout from atomic testing (see Figure 2.1). During some critical years,
however, the contribution of plutonium from the laboratory amounted to as much as 86 percent of the total. No
matter what the source, however, analysis of the plutonium budget and flows showed that only half of the
plutonium entering the river was being transported through the system. The other half was being stored in the
river system itself, and with a half-life of 24,000 years remains as a potential hazard, particularly if it is
concentrated at some point up the food chain.

The location of these stored hazardous materials is, in fact, controlled by the spatial mechanics of the river
system. In the northern Rio Grande River, plutonium absorbed into sediment is most often stored in floodplain
deposits, channel fills, and reservoir sediments close to the point of its injection into the river system.
Concentrations of plutonium in these sedimentary deposits are one to two orders of magnitude greater than
concentrations in active channel sediments. In this way, understanding specific and localized geomorphic
processes allowed this environmental hazard to be pinpointed, thereby improving risk assessment and mitigation
measures.

ETHNIC CONFLICT

During the past two decades, ethnic conflict has undermined the existing social and political orders of many
cities, countries, and world regions. Conflicts

! The Manhattan Project was a crash effort during the World War II to develop the first atomic weapons.
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between ethnic groups are manifest at a variety of scales, and in some cases they are precipitating major
humanitarian crises. Consequently, ethnic conflict has increasingly attracted the attention of the scientific and
policy making communities. Efforts are being made to understand the causes and consequences of ethnic
conflict, and policy makers are grappling with ways of mitigating intergroup hostilities.
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Figure 2.1

The flow of plutonium attached to sediment and dissolved in water in the northern Rio Grande River system in
northern New Mexico. Annual contributions of plutonium to the river are mostly from fallout and industrial
contributions from Los Alamos Canyon. The width of the arrow corresponds to the magnitude of plutonium
transfer through the river system. The arrow representing flows through the main stem of the Rio Grande decreases
in size in the downstream direction, indicating that plutonium is being stored in the river system.

Source: Graf (1994).

Serious research on ethnic conflict has been hindered by the tendency on the part of many academics and

policy makers to focus largely on individual nations and states. This very tendency shows why geography is so
critical to the
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study of ethnic conflict. People look at and approach the world based on particular—often unacknowledged and
untested—understandings of how it should be organized and territorially delimited. In the absence of any
systematic analysis of those geographic understandings, the geography of ethnic conflict can easily be reduced
simply to an exercise in naming the regions in which groups are located.

A serious geographic analysis of ethnic conflict can shed light on the spatial, territorial, and environmental
dimensions of ethnic group interaction. It raises questions about the nature and significance of particular political-
territorial structures, the role of boundaries, the character of flows between places of influence and control, and
the role of the physical environment in shaping conflict and cooperation. Geographic work along these lines has
clear implications for developing policy responses to ethnic conflicts. More broadly, it focuses attention on
issues that are fundamental to an understanding of the dynamics of ethnic conflict, including the degree of
legitimacy accorded particular territorial arrangements by different populations, the ways in which economic and
social arrangements are at odds with dominant territorial structures, the implications of territorial arrangements
for intergroup relations and understandings, and the effects of regional inequalities on political and social stability.

The insights to be gained from a geographic perspective on ethnic conflict can be illustrated by the
geographic analysis of the Vance-Owen partition plan for Bosnia after the disintegration of Yugoslavia in the
early 1990s (Jordan, 1993). The Vance-Owen plan came out of an attempt to divide the country on the basis of
highly generalized ethnolinguistic maps. Analysis of daily commuting patterns (see Figure 2.2) showed,
however, that the territorial units on which the Vance-Owen plan was based bore no relationship to the social
and economic organization of Bosnia prior to the outbreak of conflict, which helped to explain why the Vance-
Owen plan was so strongly opposed by those living there. In addition, analyses by geographers in the U.S.
Department of State pointed out that by defining a large number of ethnic enclaves the Vance-Owen plan would
result in an enormous amount of boundary length between opposing groups. When adversaries are not committed
to peace, increasing boundaries between them may not be a promising avenue for conflict resolution. Taking into
account geographic considerations of this sort is critical if policy analysts are to contribute to the resolution of
complex disputes such as the one in Bosnia.

HEALTH CARE

How can society provide for the health needs of an aging population in the face of escalating costs,
increasing dependence on publicly provided services, and tightening public sector fiscal constraints? What
responses are needed to help curtail the spread of AIDS (acquired immune deficiency syndrome)? How can
society meet the needs of those who cannot afford adequate health care? Questions of this sort have attracted
considerable attention of late in both academic
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and policy making arenas. Indeed, such questions have assumed a sense of urgency as concerns have grown
about the cost of, and equitable access to, health care services.

CHOATIA
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Figure 2.2

Relationship of preconflict functional regions (indicated by broken lines), determined by analysis of characteristics
such as commuting patterns, to the Vance-Owen plan for partitioning Bosnia and Herzegovina (shaded areas),
which was based on highly generalized ethnolinguistic maps.

Source: After Jordan (1993).

Geography has an important role to play in addressing such questions. Health care services are provided in
particular places; effective decisions about where a particular service should be located must take into
consideration the spatial organization of people, health problems, and related services. By focusing attention on
locational efficiencies, a geographic analysis can point to specific ways of providing needed health care services
cost effectively and, in many instances, can point to better ways of providing critical health services.

An example of the application of geographic perspectives to health care concerns low-birth-weight babies.
Low-birth-weight children often have health
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problems that reduce their quality of life and that are costly to treat. Preventive health measures to reduce the
incidence of low-birth-weight infants are therefore socially desirable and helpful in reducing future health care
costs. One analysis in lowa (Armstrong et al., 1991) showed that mothers who lived far from the hospital where
their child was delivered were more likely to have a low-birth-weight infant. Why would we find this particular
relationship? A map of Iowa (see Figure 2.3) shows the locations of hospitals that have more than 75 births per
year. Large areas of the state are more than 20 miles from such a hospital. At the time of this study in 1990, it
was the practice of the state to provide financial assistance for maternal and child health services only to
hospitals with more than 75 births per year. This geographic analysis led to a review of that practice to consider
supporting some smaller, rural hospitals that were strategically located to serve women in more remote areas.
After 1990, the Iowa State Department of Public Health made state-supported nutrition, nursing, and maternal
education services more accessible to pregnant women in the state by expanding Medicaid requirements so that a
larger proportion of women became eligible to receive such services.

Beyond the question of infrastructure provision, geographic analysis has much to contribute to an
understanding of the spread of disease. Ever since the source of a cholera epidemic was identified by mapping
the distribution of cholera cases in nineteenth-century London, geographic analysis has been an important

hstanee in Mins

iumz:u

Figure 2.3

Map of Iowa showing distances to hospitals having more than 75 births per year. Lines represent the boundaries of
the five-digit ZIP codes. Locations of hospitals are denoted by closed circles. Distances in miles are indicated by
cross-hachuring.

Source: Armstrong et al. (1991).
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component of epidemiology. With the rise of new virulent viruses, the importance of a geographic perspective on
infectious diseases is more critical than ever. Studies of the diffusion of AIDS (e.g., Gould, 1993; see
Sidebar 5.9) offer the promise of enhancing our understanding of not only the behavior of the human
immunodeficiency virus (HIV) but also the social and political conditions that have been most conducive to the
spread of the virus.

GLOBAL CLIMATE CHANGE

During the summer of 1993, record rainfall brought devastating floods to the American Midwest. Plagued
by drought only a few years earlier, California experienced damaging floods during the winter of 1994/1995. The
summer of 1995 produced record heat waves throughout the United States and an unusually large number of
tropical hurricanes. Are these weather events harbingers of long-term climate change that many experts predict
based on their assessments of changes in the concentration of "greenhouse gases" in the Earth's atmosphere? Do
they portend more frequent climate-related disasters than in the past?

Addressing these questions requires an understanding of the nature and dynamics of climate change.
Climate change involves enormously complex interactions among the atmosphere, hydrosphere, and biosphere
(see Figure 2.4). These interactions vary significantly across spatial scales. Thus, geographic perspectives that
consider place and scale are essential for understanding potential climate changes. For example, geographers
have been leaders in contributing to our understanding of large-scale climate patterns, especially those associated
with the hydrologic cycle. As one instance, geographic research has shown that considerably more precipitation
reaches the Earth's surface than most previous estimates suggest—and many climate models would indicate
(Willmott and Legates, 1991).

One important facet of understanding global climate change is appreciating the nature of climatic variations
since the last glacial maximum. By mapping past climate variations, identifying regional continuities, and
focusing on the spatial relationships between climate and vegetation patterns, geographic analysis contributes to
the larger interdisciplinary efforts to understand the operation of the climate system—past, present, and future.
These contributions, in turn, are critical to the development of numerical models that are needed if scientists are
to understand the extent to which humans may be modifying the climate system and the implications of those
modifications.

COHMAP—the Cooperative Holocene Mapping Project—is an example of a recent interdisciplinary
climate change research project with a strong geographic component (COHMAP, 1988; Wright et al., 1993). The
simulations developed by COHMAP showed how variations in macroscale controls of climate—for example, the
size of ice sheets, ocean temperatures, composition of the atmosphere, and the latitudinal and seasonal
distributions of solar radiation—govern regional patterns of climate change (see Figure 2.5).
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Figure 2.4

Revised version of the International Geosphere-Biosphere Programme model of the global climate system showing
the forcing effects of human activities. Geographic research plays an important role in understanding the
subsystems indicated by the shaded boxes.

Source: After Williamson (1992).

COHMARP illustrates the kind of understanding that follows from an explicit geographic component within
a larger interdisciplinary climate change study (Root and Schneider, 1995). Mapping and spatial analysis were
essential in expressing and comparing the results of the COHMAP simulations and syntheses (Wright and
Bartlein, 1993).

EDUCATION

One of the greatest challenges facing American society in the late twentieth century concerns education.
The needs to improve the skills of the labor force and to meet the challenges of democratic citizenship in a fast-
changing, increasingly complex world present enormous educational challenges (U.S. Department of Education,
1992; U.S. Department of Labor, 1991). What do tomorrow's citizens need to know to function effectively in a
world characterized by both a globalized economy and changing local circumstances? What should schools be
teaching students who may well hold several different kinds of jobs during the course of their lives? What
educational experiences can promote personal enrichment in an age of television, telecommunications,
computers, and hypermobility?
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Figure 2.5

Climate-model simulations and paleoclimate observations for the western United States (after Thompson et al.,
1993). The top panels summarize in a schematic fashion the results of the simulation of climate at 18 ka and 9 ka
(ka = thousands of radiocarbon years ago) by using a general circulation model (the National Center for
Atmospheric Research's Community Climate Model). The bottom panels show the pattern of effective moisture as
inferred from fossil pollen evidence (circles), plant macrofossils from pack-rat middens (triangles), and geomorphic
evidence of former lakes (squares).
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It is clear that geography must be a part of any serious effort to meet the educational challenges implicit in
these questions. Students need to be exposed to ideas and perspectives that cut across the physical-human divide,
that consider how developments in one place influence those in other places, that focus attention on the ways in
which local circumstances affect understandings and activities, and that foster an appreciation for the diversity of
peoples and landscapes that comprise the Earth's surface. Recent outcries over the lack of geography in school
curricula (see Chapter 1) reflect a growing recognition that an understanding of such matters is essential if the
students of today are to function effectively in the world of tomorrow.

In response to demands for more and better instruction in geography, a set of voluntary national standards
for geography education at the kindergarten through grade 12 (K-12) levels has been developed by a coalition of
geographers and other educators (Geography Education Standards Project, 1994). In addition, geography
alliances have been formed by the National Geographic Society in all 50 states to help school teachers become
more effective geography instructors. The College Board is also adding a course and examination in geography
to its Advanced Placement Program. These initiatives reflect an understanding that geography is not a luxury in a
school curriculum. Instead, it is a necessary component of any reform initiative aimed at preparing students for
the challenges of the twenty-first century.

In 1989 the Bush administration convened an education summit of the nation's governors at which they
agreed that new goals needed to be established for American education. They determined that teaching and
learning at the K-12 level should focus on a limited number of specific core subjects, including geography.
Ultimately, national education goals were incorporated into legislation—the Educate America Act, which
became public law in 1994. The act specifically included geography as a core subject, not only because
geographic literacy was deemed to be important but also because geography instruction would be a vehicle for
increasing classroom attention to contemporary issues and for integrating the content and skills associated with
other core subjects.

CONCLUSION

Given the fundamental geographic underpinnings of so many critical issues facing society today, there is a
clear need for an assessment of the role of geography in contemporary America. To provide such an assessment,
this report turns first to a consideration of the discipline's perspectives and techniques (Chapters 3 and 4). This is
followed by an examination of the relevance of the discipline in the scientific and policy making arenas
(Chapters 5 and 6). The report then concludes with a discussion of the challenges facing the discipline
(Chapter 7) and the adjustments that are needed (Chapter 8) if geography is to respond to the demands being
placed on it by scientists, policy makers, educators, and the private sector.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S PERSPECTIVES 28

3
Geography's Perspectives

Geography's relevance to science and society arises from a distinctive and integrating set of perspectives
through which geographers view the world around them. This chapter conveys a sense of what is meant by a
geographic perspective, whether it be applied in research, teaching, or practice. Due to space limitations, it does
not attempt to cite the many excellent examples of research illustrating geography's perspectives; the citations
refer mainly to broad-ranging summaries of geographic research that are intended as resources for further reading.

Taking time to understand geography's perspectives is important because geography can be difficult to
place within the family of academic disciplines. Just as all phenomena exist in time and thus have a history, they
also exist in space and have a geography. Geography and history are therefore central to understanding our world
and have been identified as core subjects in American education. Clearly, this kind of focus tends to cut across
the boundaries of other natural and social science disciplines. Consequently, geography is sometimes viewed by
those unfamiliar with the discipline as a collection of disparate specialties with no central core or coherence.

What holds most disciplines together, however, is a distinctive and coherent set of perspectives through
which the world is analyzed. Like other academic disciplines, geography has a well-developed set of perspectives:

1. geography's way of looking at the world through the lenses of place, space, and scale;
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2. geography's domains of synthesis:' environmental-societal dynamics relating human action to the
physical environment, environmental dynamics linking physical systems, and human-societal
dynamics linking economic, social, and political systems; and

3. spatial representation using visual, verbal, mathematical, digital, and cognitive approaches.

These three perspectives can be represented as dimensions of a matrix of geographic inquiry as shown in
Figure 3.1.

Erviranmantal
dynamics

Envirenmantal!
so0wtal
dyramics

Human!
sociatal
dynamics

DOMAING OF SYNTHESIS

Figure 3.1

The matrix of geographic perspectives. Geography's ways of looking at the world—through its focus on place and
scale (horizontal axis) —cuts across its three domains of synthesis: human-societal dynamics, environmental
dynamics, and environmental-societal dynamics (vertical axis). Spatial representation, the third dimension of the
matrix, underpins and sometimes drives research in other branches of geography.

! The term synthesis, as used in this report, refers to the way in which geographers often attempt to transcend the
boundaries traditionally separating the various natural sciences, social sciences, and humanities disciplines in order to provide
a broad-ranging analysis of selected phenomena. Such research benefits not only from bringing into one analysis ideas that
are often treated separately in other disciplines but also from critically examining the disjunctures and contradictions among
the ways in which different disciplines examine identical phenomena.
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GEOGRAPHY'S WAYS OF LOOKING AT THE WORLD

A central tenet of geography is that "location matters" for understanding a wide variety of processes and
phenomena. Indeed, geography's focus on location provides a cross-cutting way of looking at processes and
phenomena that other disciplines tend to treat in isolation. Geographers focus on "real world" relationships and
dependencies among the phenomena and processes that give character to any location or place. Geographers also
seek to understand relationships among places: for example, flows of peoples, goods, and ideas that reinforce
differentiation or enhance similarities. Geographers study the "vertical” integration of characteristics that define
place as well as the "horizontal" connections between places. Geographers also focus on the importance of scale
(in both space and time) in these relationships. The study of these relationships has enabled geographers to pay
attention to complexities of places and processes that are frequently treated in the abstract by other disciplines.

Integration in Place

Places are natural laboratories for the study of complex relationships among processes and phenomena.
Geography has a long tradition of attempting to understand how different processes and phenomena interact in
regions and localities, including an understanding of how these interactions give places their distinctive character.

The systematic analysis of social, economic, political, and environmental processes operating in a place
provides an integrated understanding of its distinctiveness or character. The pioneering work of Higerstrand
(1970), for example, showed how the daily activity patterns of people can be understood as the outcome of a
process in which individuals are constrained by the availability and geographic accessibility of locations with
which they can interact. Research in this tradition since has shown that the temporal and spatial sequences of
actions of individuals follow typical patterns in particular types of environments and that many of the distinctive
characteristics of places result from an intersection of behavioral sequences constrained by spatial accessibility to
the opportunities for interaction. Such systematic analysis is particularly central to regional and human
geography, and it is a theme to which much geographic research continually returns. When such systematic
analysis is applied to many different places, an understanding of geographic variability emerges. Of course, a
full analysis of geographic variability must take account of processes that cross the boundaries of places, linking
them to one another, and also of scale.

Interdependencies Between Places

Geographers recognize that a "place” is defined not only by its internal characteristics but also by the flows
of people, materials (e.g., manufactured
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goods, pollutants), and ideas from other places. These flows introduce interdependencies between places that can
either reinforce or reduce differences. For example, very different agricultural land-use practices have evolved
under identical local environmental conditions as a result of the distance to market affecting the profitability of
crops. At a macroscale, the widespread and global flow of Western cultural values and economic systems has
served to reduce differences among many peoples of the world. An important focus of geography is on
understanding these flows and how they affect place.

The challenge of analyzing the flows and their impacts on place is considerable. Such relationships have all
the characteristics of complex nonlinear systems whose behavior is hard to represent or predict. These
relationships are becoming increasingly important for science and decision making, as discussed in Chapters 5
and 6.

Interdependencies Among Scales

Geographers recognize that the scale of observation also matters for understanding geographic processes
and phenomena at a place. Although geography is concerned with both spatial and temporal scales, the enduring
dimension of the geographic perspective is the significance of spatial scales, from the global to the highly local.

Geographers have noted, for example, that changing the spatial scale of analysis can provide important
insights into geographic processes and phenomena and into understanding how processes and phenomena at
different scales are related. A long-standing concern of geographers has been the "regionalization problem," that
is, the problem of demarcating contiguous regions with common geographic characteristics. Geographers
recognize that the internal complexity and differentiation of geographic regions is scale-dependent and, thus, that
a particular set of regions is always an incomplete and possibly misleading representation of geographic variation.

Identifying the scales at which particular phenomena exhibit maximum variation provides important clues
about the geographic, as well as the temporal, scope of the controlling mechanisms. For example, spectral
analyses of temperature data, revealing the geographic scales at which there is maximum similarity in
temperature, can provide important clues about the relative influence of microclimates, air masses, and global
circulation on temperature patterns. A global rise in average temperature could have highly differentiated local
impacts and may even produce cooling in certain localities because of the way in which global, regional, and
local processes interact. By the same token, national and international economic and political developments can
have highly differentiated impacts on the economic competitiveness of cities and states. The focus on scale
enables geographers to analyze the impact of global changes on local events—and the impact of local events on
global changes.
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DOMAINS OF SYNTHESIS?

Geography's most radical departure from conventional disciplinary specializations can be seen in its
fundamental concern for how humans use and modify the biological and physical environment (the biophysical
environment) that sustains life, or environmental-societal dynamics. There are two other important domains of
synthesis within geography as well: work examining interrelationships among different biophysical processes, or
environmental dynamics, and work synthesizing economic, political, social, and cultural mechanisms, or Auman-
societal dynamics. These domains cut across and draw from the concerns about place embedded in geography's
way of looking at the world.

Environmental-Societal Dynamics

This branch of the discipline reflects, perhaps, geography's longest-standing concern and is thus heir to a
rich intellectual tradition. The relationships that it studies—the dynamics relating society and its biophysical
environment—today are not only a core element of geography but are also of increasingly urgent concern to
other disciplines, decision makers, and the public. Although the work of geographers in this domain is too varied
for easy classification, it includes three broad but overlapping fields of research: human use of and impacts on
the environment, impacts on humankind of environmental change, and human perceptions of and responses to
environmental change.

Human Use of and Impacts on the Environment

Human actions unavoidably modify or transform nature; in fact, they are often intended specifically to do
so. These impacts of human action have been so extensive and profound that it is now difficult to speak of a
"natural" environment. Geographers have contributed to at least three major global inventories of human impacts
on the environment (Thomas, 1956; Turner et al., 1990; Mather and Sdasyuk, 1991) and have contributed to the
literature of assessment, prescription, and argument regarding their significance. Studies at local and regional
levels have clarified specific instances of human-induced landscape transformation: for example, environmental
degradation in the Himalayas, patterns and processes of deforestation in the Philippines and the Amazon,
desiccation of the Aral Sea, degradation of landscapes in China, and the magnitude and character of pre-Hispanic
environmental change in the Americas.

Geographers study the ways in which society exploits and, in doing so,

2 Citations in this section do not refer to major research contributions since these are the focus of Chapter 5. They refer the
reader to books and articles that provide a more detailed discussion of the topic than can be provided here.
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degrades, maintains, improves, or redefines its natural resource base. Geographers ask why individuals and
groups manipulate the environment and natural resources in the ways they do (Grossman, 1984; Hecht and
Cockburn, 1989). They have examined arguments about the roles of carrying capacity and population pressures
in environmental degradation, and they have paid close attention to the ways in which different cultures perceive
and use their environments (Butzer, 1992). They have devoted considerable attention to the role of political-
economic institutions, structures, and inequities in environmental use and alteration, while taking care to resist
portraying the environment as an empty stage on which social conflicts are acted out (Grossman, 1984;
Zimmerer, 1991; Carney, 1993).

Environmental Impacts on Humankind

Consequences for humankind of change in the biophysical environment—whether endogenous or human-
induced—are also a traditional concern for geographers. For instance, geographers were instrumental in
extending the approaches of environmental impact analysis to climate. They have produced important studies of
the impact of natural climate variation and projected human-induced global warming on vulnerable regions,
global food supply, and hunger. They have studied the impacts of a variety of other natural and environmental
phenomena, from floods and droughts to disease and nuclear radiation releases (Watts, 1983; Kates et al., 1985;
Parry et al., 1988; Mortimore, 1989; Cutter, 1993). These works have generally focused on the differing
vulnerabilities of individuals, groups, and geographic areas, demonstrating that environmental change alone is
insufficient to understand human impacts. Rather, these impacts are articulated through societal structures that
give meaning and value to change and determine in large part the responses taken.

Human Perceptions of and Responses to Environmental Change

Geographers have long-recognized that human-environment relations are greatly influenced not just by
particular activities or technologies but also by the very ideas and attitudes that different societies hold about the
environment. Some of geography's most influential contributions have documented the roots and character of
particular environmental views (Glacken, 1967; Tuan, 1974). Geographers have also recognized that the impacts
of environmental change on human populations can be strongly mitigated or even prevented by human action.
Accurate perception of change and its consequences is a key component in successful mitigation strategies.
Geographers studying hazards have made important contributions to understanding how perceptions of risk vary
from reality (Tuan, 1974) and how communication of risk can amplify or dampen risk signals (Palm, 1990;
Kasperson and Stallen, 1991).

Accurate perceptions of available mitigation strategies is an important aspect
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of this domain, captured by Gilbert F. White's geographic concept of the "range of choice," which has been
applied to inform policy by illuminating the options available to different actors at different levels (Reuss, 1993).
In the case of floodplain occupancy, for instance, such options include building flood control works, controlling
development in flood-prone areas, and allowing affected individuals to absorb the costs of disaster. In the case of
global climate change, options range from curtailing greenhouse gas (e.g., carbon dioxide) emissions to pursuing
business as usual and adapting to change if and when it occurs. Geographers have assembled case studies of
societal responses to a wide variety of environmental challenges as analogs for those posed by climate and other
environmental change and have examined the ways in which various societies and communities interpret the
environments in questions (Jackson, 1984; Demeritt, 1994; Earle, 1996).

Environmental Dynamics

Geographers often approach the study of environmental dynamics from the vantage point of natural science
(Mather and Sdasyuk, 1991). Society and its roles in the environment remain a major theme, but human activity
is analyzed as one of many interrelated mechanisms of environmental variability or change. Efforts to understand
the feedbacks among environmental processes, including human activities, also are central to the geographic
study of environmental dynamics (Terjung, 1982). As in the other natural sciences, advancing theory remains an
overarching theme, and empirical verification continues to be a major criterion on which efficacy is judged.

Physical geography has evolved into a number of overlapping subfields, although the three major
subdivisions are biogeography, climatology, and geomorphology (Gaile and Willmott, 1989). Those who
identify more with one subfield than with the others, however, typically use the findings and perspectives from
the others to inform their research and teaching. This can be attributed to physical geographers' integrative and
cross-cutting traditions of investigation, as well as to their shared natural science perspective (Mather and
Sdasyuk, 1991). Boundaries between the subfields, in turn, are somewhat blurred. Biogeographers, for example,
often consider the spatial dynamics® of climate, soils, and topography when they investigate the changing
distributions of plants and animals, whereas climatologists frequently take into account the influences that
landscape heterogeneity and change exert on climate. Geomorphologists also account for climatic forcing and
vegetation dynamics on erosional and depositional process. The three major

3 The term spatial dynamics refers to the movement, translocation of, or change in phenomena (both natural and human)
over geographic space. The study of spatial dynamics focuses on the natural, social, economic, cultural, and historical factors
that control or condition these movements and translocations.
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subfields of physical geography, in other words, not only share a natural science perspective but differ simply
with respect to emphasis. Each subfield, however, will be summarized separately here in deference to tradition.

Biogeography

Biogeography is the study of the distributions of organisms at various spatial and temporal scales, as well as
the processes that produce these distribution patterns. Biogeography lies at the intersection of several different
fields and is practiced by both geographers and biologists. In American and British geography departments,
biogeography is closely allied with ecology.

Geographers specializing in biogeography investigate spatial patterns and dynamics of individual plant and
animal taxa and the communities and ecosystems in which they occur, in relation to both natural and
anthropogenic processes. This research is carried out at local to regional spatial scales. It focuses on the spatial
characteristics of taxa or communities as revealed by fieldwork and/or the analysis of remotely sensed images.
This research also focuses on historic changes in the spatial characteristics of taxa or communities as
reconstructed, for example, from land survey records, photographs, age structures of populations, and other
archival or field evidence. Biogeographers also reconstruct prehistoric and prehuman plant and animal
communities using paleoecological techniques such as pollen analysis of lake sediments or faunal analysis of
midden or cave deposits. This research has made important contributions to understanding the spatial and
temporal dynamics of biotic communities as influenced by historic and prehistoric human activity as well as by
natural variability and change.

Climatology

Geographic climatologists are interested primarily in describing and explaining the spatial and temporal
variability of the heat and moisture states of the Earth's surface, especially its land surfaces. Their approaches are
quite varied, including (1) numerical modeling of energy and mass fluxes from the land surface to the
atmosphere; (2) in situ measurements of mass and energy fluxes, especially in human-modified environments;
(3) description and evaluation of climatically relevant characteristics of the land surface, often through the use of
satellite observations; and (4) the statistical decomposition and categorization of weather data. Geographic
climatologists have made numerous contributions to our understanding of urban and regional climatic systems,
and they are beginning to examine macroscale climatic change as well. They have also examined the statistical
relationships among weather, climate, and sociological data. Such analyses have suggested some intriguing
associations, for example, between urban growth and warming (Oke, 1979) and the seasonal heating cycle and
crime frequency (Harries et al., 1984).
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Geomorphology

Geomorphological research in geography emphasizes the analysis and prediction of Earth surface processes
and forms. The Earth's surface is constantly being altered under the combined influences of human and natural
factors. The work of moving ice, blowing wind, breaking waves, collapse and movement from the force of
gravity, and especially flowing water sculptures a surface that is constantly being renewed through volcanic and
tectonic activity.

Throughout most of the twentieth century, geomorphological research has focused on examining stability in
the landscape and the equilibrium between the forces of erosion and construction. In the past two decades,
however, emphasis has shifted toward efforts to characterize change and the dynamic behavior of surface
systems. Whatever the emphasis, the method of analysis invariably involves the definition of flows of mass and
energy through the surface system, and an evaluation or measurement of forces and resistance at work. This
analysis is significant because if geomorphologists are to predict short-term, rapid changes (such as landslides,
floods, or coastal erosion in storms) or long-term, rapid changes (such as erosion caused by land management or
strip mining), the natural rates of change must first be understood.

Human-Societal Dynamics: From Location Theory to Social Theory

The third domain focuses on the geographic study of interrelated economic, social, political, and cultural
processes. Geographers have sought a synthetic understanding of such processes through attention to two types
of questions: (1) the ways in which those processes affect the evolution of particular places and (2) the influence
of spatial arrangements and our understanding on those processes. Much of the early geographical work in this
area emphasized locational decision making; spatial patterns and their evolution were explained largely in terms
of the rational spatial choices of individual actors (e.g., Haggett et al., 1979; Berry and Parr, 1988).

Beginning with Harvey (1973), a new cohort of scholars began raising questions about the ways in which
social structures condition individual behavior and, more recently, about the importance of political and cultural
factors in social change (Jackson and Penrose, 1993). This has matured as an influential body of work founded in
social theory, which has devoted considerable effort to understanding how space and place mediate the
interrelations between individual actions and evolving economic, political, social, and cultural patterns and
arrangements and how spatial configurations are themselves constructed through such processes (e.g., Gregory
and Urry, 1985; Harvey, 1989; Soja, 1989; Wolch and Dear, 1989).

This research has gained wide recognition both inside and outside the disci
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pline of geography; as a result, issues of space and place are now increasingly seen as central to social research.
Indeed, one of the principal journals for interdisciplinary research in social theory, Environment and Planning D:
Society and Space, was founded by geographers. The nature and impact of research that has sought to bridge the
gap between social theory and conceptualizations of space and place are evident in recent studies of both the
evolution of places and the interconnections among places.

Societal Synthesis in Place

Geographers who study societal processes in place have tended to focus on micro- or mesoscales. Research
on cities has been a particularly influential area of research, showing how the internal spatial structure of urban
areas depends on the operation of land markets, industrial and residential location decisions, population
composition, forms of urban governance, cultural norms, and the various influences of social groups
differentiated along lines of race, class, and gender. The impoverishment of central cities has been traced to
economic, social, political, and cultural forces accelerating suburbanization and intraurban social polarization.
Studies of urban and rural landscapes examine how the material environment reflects, and shapes, cultural and
social developments, in work ranging from interpretations of the social meanings embedded in urban architecture
to analyses of the impacts of highway systems on land uses and neighborhoods (Knox, 1994).

Researchers have also focused on the living conditions and economic prospects of different social and
ethnic groups in particular cities, towns, and neighborhoods, with particular attention recently to how patterns of
discrimination and employment access have influenced the activity patterns and residential choices of urban
women (e.g., McDowell, 1993a, b). Researchers have also attempted to understand the economic, social, and
political forces reinforcing the segregation of poor communities, as well as the persistence of segregation
between certain racial and ethnic groups, irrespective of their socioeconomic status. A geographical perspective
on such issues ensures that groups are not treated as undifferentiated wholes. By focusing attention on
disadvantaged communities in inner cities, for example, geographers have offered significant evidence of what
happens when jobs and wealthier members of a community leave to take advantage of better opportunities
elsewhere (Urban Geography, 1991).

Geographical work on place is not limited to studies of contemporary phenomena. Geographers long have
been concerned with the evolving character of places and regions, and geographers concerned with historical
developments and processes have made important contributions to our understanding of places past and present.
These contributions range from sweeping interpretations of the historical evolution of major regions (e.g.,
Meinig, 1986 et seq.) to analyses of the changing ethnic character of cities (Ward, 1971) to the role of capitalism in
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urban change (Harvey, 1985a, b). Studies along these lines go beyond traditional historical analysis to show how
the geographical situation and character of places influence not only how those places develop but larger social
and ideological formations as well.

Space, Scale, and Human-Societal Dynamics

Studies of the social consequences of linkages between places focus on a variety of scales. One body of
research addresses spatial cognition and individual decision making and the impact of individual action on
aggregate patterns. Geographers who study migration and residential choice behavior seek to account for the
individual actions underlying the changing social structure of cities or shifting interurban populations. Research
along these lines has provided a framework for modeling the geographical structure of interaction among places,
resulting inter alia in the development of operational models of movement and settlement that are now widely
used by urban and regional planners throughout Europe (Golledge and Timmermans, 1988).

Geographers also have contributed to the refinement of location theories that reflect actual private and
public decision making. Initially, much of this research looked at locational issues at particular moments in time.
Work by Morrill (1981) on political redistricting, for example, provided insights into the many ways in which
administrative boundary drawing reflects and shapes political ideas and practices. More recent work has focused
on the evolution of industrial complexes and settlement systems. This work has combined the insights of location
theory with studies of individual and institutional behavior in space (Macmillan, 1989). At the interurban and
regional scales, geographers have studied nationwide shifts in the location and agglomeration of industries and
interurban migration patterns. These studies have revealed important factors shaping the growth prospects of
cities and regions.

An interest in the relationship between individual behavior and broader-scale societal structures prompted
geographers to consider how individual decisions are influenced by, and affect, societal structures and
institutions (e.g., Peet and Thrift, 1989). Studies have tackled issues ranging from human reproduction and
migration decisions to recreation and political protest. Researchers have shown how movement decisions depend
on social and political barriers, the distribution of economic and political resources and broader-scale processes
of societal restructuring. They have examined how the increased mobility of jobs and investment opportunities
have affected local development strategies and the distribution of public resources between firms and households.

Indeed, there is new interest in theorizing the geographical scales at which different processes are
constituted and the relationship between societal processes operating at different scales (Smith, 1992; Leitner
and Delaney, 1996). Geographers recognize that social differences from place to place reflect not only differ
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ences in the characteristics of individual localities but also differences in how they are affected by societal
processes operating at larger scales. Research has shown, for example, that the changing growth prospects of
American cities and regions cannot adequately be understood without taking into account the changing position
of the United States in the global system and the impact of this change on national political and economic trends
(Peet, 1987; Smith and Feagin, 1987).

Geographic research also has focused explicitly on the spatial manifestations of institutional behavior,
notably that of large multilocational firms; national, state, and local governments; and labor unions. Research on
multilocational firms has examined their spatial organization, their use of geographical strategies of branch-plant
location and marketing in order to expand into or maintain geographically defined markets, and the way their
actions affect the development possibilities of different places (Scott, 1988b; Dicken, 1992). Research into state
institutions has focused on such issues as territorial integration and fragmentation; evolving differences in the
responsibilities and powers exercised by state institutions at different geographical scales; and political and
economic rivalries between territories, including their impact on political boundaries and on geopolitical spheres
of influence. Observed shifts in the location of political influence and responsibility away from traditional
national territories to both local states and supranational institutions demonstrate the importance of studying
political institutions across a range of geographical scales (Taylor, 1993).

SPATIAL REPRESENTATION

The importance of spatial representation as a third dimension of geography's perspectives (see Figure 3.1) is
perhaps best exemplified by the long and close association of cartography with geography (see Chapter 4).
Research emphasizing spatial representation complements, underpins, and sometimes drives research in other
branches of geography and follows directly from the thesis that location matters. Geographers involved in spatial
representation research use concepts and methods from many other disciplines and interact with colleagues in
those fields, including computer science, statistics, mathematics, geodesy, civil engineering, cognitive science,
formal logic, cognitive psychology, semiotics, and linguistics. The goals of this research are to produce a unified
approach to spatial representation and to devise practical tools for representing the complexities of the world and
for facilitating the synthesis of diverse kinds of information and diverse perspectives.

How geographers represent geographic space, what spatial information is represented, and what space
means in an age of advanced computer and telecommunications technology are critical to geography and to
society. Research linking cartographic theory with philosophies of science and social theory has demonstrated
that the way problems are framed, and the tools that are used to structure and manipulate data, can facilitate
investigation of particular categories of prob
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lems and, at the same time, prevent other categories of problems from even being recognized as such. By
dictating what matters, representations help shape what scientists think and how they interpret their data (Sack,
1986; Harley, 1988; Wood, 1992).

Geographic approaches to spatial representation are closely linked to a set of core spatial concepts
(including location, region, distribution, spatial interaction, scale, and change) that implicity constrain and shape
how geographers represent what they observe. In effect, these concepts become a priori assumptions underlying
geographic perspectives and shaping decisions by geographers about how to represent their data and what they
choose to represent.

Geographers approach spatial representation in a number of ways to study space and place at a variety of
scales. Tangible representations of geographic space may be visual, verbal, mathematical, digital, cognitive, or
some combination of these. Reliance on representation is of particular importance when geographic research
addresses intangible phenomena (e.g., atmospheric temperature or average income) at scales beyond the
experiential (national to global) and for times in the past or future. Tangible representations (and links among
them) also provide a framework within which synthesis can take place. Geographers also study cognitive spatial
representations—for example, mental models of geographic environments—in an effort to understand how
knowledge of the environment influences peoples' behavior in that environment and make use of this knowledge
of cognitive representation in developing approaches to other forms of representation.

Visual representation of geographic space through maps was a cornerstone of geographic inquiry long
before its formal recognition as an academic area of research, yet conventional maps are not the only visual form
used in geographic research. Figure 3.2 shows that conventional maps occupy a midpoint along a continuum of
visual representation forms. This continuum can be defined by a dimension scale, which ranges from atomic to
cosmological, and abstractness level, which ranges from images to line drawings.

Due to the centrality of geographic maps as a means for spatial representation, however, concepts
developed for mapping have had an impact on all forms of spatial representation. This role as a model and
catalyst for visual representation throughout the sciences is clear in Hall's (1992) recent popular account of
mapping as a research tool used throughout science, as well as the recognition by computer scientists that maps
are a fundamental source of many concepts used in scientific visualization (Collins, 1993).

An active field of geographic research on spatial representation involves formalizing the "language" for
visual geographic representation. Another important field of research involves improved depiction of the Earth's
surface. A notable example is the recent advance in matching computational techniques for terrain shading with
digital elevation databases covering the conterminous United States (see Sidebar 3.1).
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Figure 3.2

The conventional map is one of many visual representations of space used by geographers and other scientists. As
one of a continuum of spatial representations, maps occupy a "fuzzy" category defined by an "abstractness level"
(horizontal axis) and a "scale dimension" (vertical axis).

Source: After MacEachren (1995, Figure 4.3).

Verbal representation refers to attempts to evoke landscapes through a carefully constructed description in
words. Some of the geographers who have become best known outside the discipline rely almost exclusively on
this form of representation. Geographers have drawn new attention to the power of both verbal and visual
representations, exploring the premise that every representation has multiple, potentially hidden, and perhaps
duplicitous, meanings (Gregory, 1994).

A current field of research linking verbal and visual forms of spatial representation concerns hypermedia
documents designed for both research and instructional applications. The concept of a geographic script
(analogous to a movie script) has been proposed as a strategy for leading people through a complex web of maps,
graphics, pictures, and descriptions developed to provide information about a particular issue (Monmonier, 1992).

Mathematical representations include models of space, which emphasize location, regions, and
distributions; models of functional association; and models of process, which emphasize spatial interaction and
change in place. Visual maps, of course, are grounded in mathematical models of space, and it can be
demonstrated that all map depictions of geographic position are, in essence, mathematical transformations from
the Earth to the plane surface of the page or
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SIDEBAR 3.1 Shaded Relief Map of the United States

U5, Goological Survey rasearchars have produced what has baen describad
as tha most dramatic terrain depiction since Halsz's physiographic diagrams were
published in 1840 (Leawls, 1992; sea Figure 3.3), In creating this terraln map,
Pike and Thalin {1989) developad procadures fo Integrate digital elevation maodels
(DEMs) derved by digitizing 1:260,000 scale Dafansa Mapping Agency lopagraphic
maps. The digitized data were transformed fo the Albers Equal Area Conle projec-
tion, which |5 approprate for mapping the entire United States, and resampled 1o
a resolution suitable for ferrain shading at a scale of 1:3,500,000. Analytical hill-
shading technigues ware then applled, yialding thres separata layers of Informatian
that wera merged to produce the final map. The natienal digital terrain database
behind the Plke and Thelin map has served as a calalyst for a number of other
representational advances. Among them are systems for genarating a sensatian
of depth in two-dimensional views (Moeliering, 1989; Eyton, 1990) and for depicting
the aspect of slopa (Moellering and Kimering, 1990; sea Plata 1).

FIGURE 3.3, The Pike and Thelin shaded relief map of the conterminous
United States. Source: Pike and Thelin (1959),
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computer display screen. The combination of visual and mathematical representation draws on advantages
inherent in each (see Plate 2).

A good example of the link between mathematical and visual representation is provided by the Global
Demography Project (Tobler et al., 1995). In this project more than 19,000 digitized administrative polygons and
associated population counts covering the entire world were extrapolated to 1994 and then converted to spherical
cells. The data are available as a raster map, accessible on the World Wide Web from the National Aeronautics
and Space Administration's Consortium for the International Earth Science Information Network,
Socioeconomic and Economic Data Center, which supported the project.

Cognitive representation is the way individuals mentally represent information about their environment.
Human cognitive representations of space have been studied in geography for more than 25 years. They range
from attempts to derive "mental maps" of residential desirability to assessing ways in which knowledge of spatial
position is mentally organized, the mechanisms through which this knowledge expands with behavior in
environments, and the ways in which environmental knowledge can be used to support behavior in space. The
resulting wealth of knowledge about spatial cognition is now being linked with visual and digital forms of spatial
representation. This link is critical in such research fields as designing interfaces for geographic information
systems (GISs) and developing structures for digital geographic databases. Recent efforts to apply the
approaches of cognitive science to modeling human spatial decision making have opened promising research
avenues related to way finding, spatial choice, and the development of GIS-based spatial decision support
systems. In addition, research about how children at various stages of cognitive development cope with maps and
other forms of spatial representation is a key component in efforts to improve geography education.

Digital representation is perhaps the most active and influential focus of representational research because
of the widespread use of GISs and computer mapping. Geographers have played a central role in the
development of the representational schemes underpinning GISs and computer mapping systems. Geographers
working with mathematicians at the U.S. Census Bureau in the 1960s were among the first to recognize the
benefits of topological structures for vector-based digital representations of spatial data. This vector-based
approach (the Dual Independent Map Encoding system, more recently replaced by the Topologically Integrated
Geographical Encoding and Referencing system, or TIGER) has become the linchpin of the Census Bureau's
address-matching system. It has been adapted to computer mapping through an innovative system for linking
topological and metrical geographic representations. Related work by geographers and other scientists at the U.S.
Geological Survey's (USGS) National Mapping Division led to the development of a digital mapping system (the
Digital Line Graph format) and has allowed the USGS to become a major provider of digital spatial data.
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Geographers working in GIS research have investigated new approaches to raster (grid-based) data
structures. Raster structures are compatible with the structure of data in remote sensing images, which continue
to be a significant source of input data for GIS and other geographic applications. Raster structures are also
useful for overlying spatial data. Developments in vector and raster data structures have been linked through an
integrated conceptual model that, in effect, is eliminating the raster-vector dichotomy (Peuquet, 1988).

U.S. geographers have also played a leading role in international collaboration directed at the generalization
of digital representations (Buttenfield and McMaster, 1991). This research is particularly important because
solutions to key generalization problems are required before the rapidly increasing array of digital georeferenced
data can be integrated (through GISs) to support multiscale geographic analysis. Generalization in the digital
realm has proved to be a difficult problem because different scales of analysis demand not only more or less
detailed information but also different kinds of information represented in fundamentally different ways.

Increasingly, the aspects of spatial representation discussed above are being linked through digital
representations. Transformations from one representation to another (e.g., from mathematical to visual) are now
routinely done using a digital representation as the intermediate step. This reliance on digital representation as a
framework for other forms of representation brings with it new questions concerning the impact of digital
representation on the construction of geographic knowledge.

One recent outgrowth of the spatial representation traditions of geography is a multidisciplinary effort in
geographic information science. This field emphasizes coordination and collaboration among the many
disciplines for which geographic information and the rapidly emerging technologies associated with it are of
central importance. The University Consortium for Geographic Information Science (UCGIS), a nonprofit
organization of universities and other research institutions, was formed to facilitate this interdisciplinary effort.
UCGIS is dedicated to advancing the understanding of geographic processes and spatial relationships through
improved theory, methods, technology, and data.

GEOGRAPHIC EPISTEMOLOGIES?

This survey of geography's perspectives illustrates the variety of topics pursued by geography as a scientific
discipline, broadly construed. The methods and approaches that geographers have used to generate knowledge
and understanding of the world about them—that is, its epistemologies—are similarly broad. The post-World
War II surge in theoretical and conceptual geography, work

4 The term epistemology refers to the methods of knowledge acquisition.
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that helped the discipline take its place alongside other social, environmental, and natural sciences at that time,
was triggered by adoption of what has been termed a "positivist" epistemology during the quantitative revolution
of the 1960s (Harvey, 1969). Extensive use is still made of this approach, especially in studying environmental
dynamics but also in spatial analysis and representation. It is now recognized, however, that the practice of such
research frequently diverges from the ideals of positivism. Many of these ideals—particularly those of value
neutrality and of the objectivity of validating theories by hypothesis testing—are in fact unattainable (Cloke et
al., 1991; Taaffe, 1993).

Recognition of such limitations has opened up an intense debate among geographers about the relative
merits of a range of epistemologies that continue to enliven the field (Gregory, 1994). Of particular interest, at
various points in this debate, have been the following:

1. Approaches stressing the role of political and economic structures in constraining the actions of
human agents, drawing on structural, Marxist, and structurationist traditions of thought that
emphasize the influence of frequently unobservable structures and mechanisms on individual actions
and thereby on societal and human-environmental dynamics—carrying the implication that
empirical tests cannot determine the validity of a theory (Harvey, 1982).

2. Realist approaches, which recognize the importance of higher-level conceptual structures but insist
that theories be able to account for the very different observed outcomes that a process may
engender in different places (Sayer, 1993).

3. Interpretive approaches, a traditional concern of cultural geography, which recognize that similar
events can be given very different but equally valid interpretations, that these differences stem from
the varying societal and geographical experiences and perspectives of analysts, and that it is
necessary to take account of the values of the investigator rather than attempting to establish his or
her objectivity (Buttimer, 1974; Tuan, 1976; Jackson, 1989).

4. Feminist approaches, which argue that much mainstream geography fails to acknowledge both a
white masculine bias to its questions and perspectives and also a marginalization of womens' lives in
its analysis (McDowell, 1993b; Rose, 1993).

Postmodernist or "countermodernist” approaches, which argue that all geographic phenomena are
social constructions, that understandings of these are a consequence of societal values and norms
and the particular experiences of individual investigators, and that any grand theory is suspect
because it fails to recognize the contingent nature of all interpretation. It is argued that this has
resulted in a "crisis of representation,” that is, a situation in which the relative "accuracy" of any
representation of the world becomes difficult to adjudicate (Keith and Pile, 1993). Feminist and
postmodern scholars argue that it is necessary to incorporate a diverse group of subjects, researchers,
and ways of knowing if the subject matter of geography is to embrace humankind.
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Geographers debate the philosophical foundations of their research in ways similar to debates among other
natural scientists, social scientists, and humanists, although with a particular emphasis on geographical views of
the world and on representation. These debates have not been restricted to the philosophical realm but have had
very practical consequences for substantive research, often resulting in contrasting theoretical interpretations of
the same phenomenon. For example, neopositivist and structural accounts of the development of settlement
systems have evolved through active engagement with one another, and debates about how to assess the
environmental consequences of human action have ranged from quantitative cost-benefit calculations to attempts
to compare and contrast instrumental with local and indigenous interpretations of the meaning and significance
of nature. In subsequent chapters we have not attempted to mark these different perspectives, choosing instead to
stress the phenomena studied rather than the approaches taken. We attempt selectively to include leading
researchers from different perspectives working on a particular topic, to the extent that their work can be
constituted as scientific in the broad sense that we use that term (see Sidebar 1.1).

While we recognize that different perspectives frequently lead to intense debates engaging very different
views of the same phenomenon, there is no space in this report to detail these debates. Such often vigorous
interchanges and differences strengthen geography as both a subject and a discipline, however, reminding
researchers that different approaches may be relevant for different kinds of questions and that the selection of
any approach shapes both the kind of research questions asked and the form the answers take, as well as the
answers themselves.
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4
Geography's Techniques

This chapter provides a brief discussion of contributions made by geographers to the development of
techniques for observation, display, and analysis of geographic data. With respect to observation, the chapter
addresses two extremes on the geographic scales of observation: local fieldwork and remote sensing. With
respect to the display and analysis of data, the chapter examines cartography, visualization, geographic
information systems (GISs), and spatial statistics.

The techniques that geographers use in their work are not developed in a vacuum. They are developed to
address specific problems and, thus, reflect the focus of the discipline at particular times. These techniques
reflect the conscious decisions of geographers about the kinds of information that are important to collect; the
spatial scales at which information should be collected, compiled, analyzed, and displayed; data sampling
strategies and experimental designs; data representation; and methods for data analysis. As theoretical paradigms
change, so do the techniques for empirical research. Thus, advancement of the discipline goes hand in hand with
the development of new and improved techniques for collecting, analyzing, and interpreting information.
Sidebars 4.1 and 4.2 illustrate the close relationship between advancement of the discipline and technique
development.

The variety of perspectives in geography and a recognition of how different world views and experiences
influence theoretical work (see Chapter 3) help geographers remain conscious of the influence of theory on
technique development (and the reverse). The current popularity of GISs, for example, both reflects and
reinforces the influence of spatial analytic theories in the discipline. There
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is a lively debate about whether the popularity of GISs is hindering the development of other theoretical
approaches, such as social theory, that require different techniques for empirical analysis.

SIDEBAR 4.1 POTENTIAL EVAPOTRANSPIRATION

Until the 1940s, practical algorithms were unavailable for reliably evaluating the relative wetness or
dryness of climates, relationships between precipitation and stream runoff, the amount of irrigation
necessary to maximize crop yield, and a number of other hydroclimatic problems. What was missing was
an easy-to-use, reliable, and yet physically realistic way of estimating the time-integrated atmospheric
demand for land surface moisture. Surrogates for atmospheric moisture demand, such as pan evaporation
and air temperature, were used out of necessity, but they were conceptually flawed and often produced
highly biased estimates.

Working with colleagues at the Laboratory of Climatology in New Jersey during the 1930s and 1940s,
C.W. Thornthwaite devised a relatively straightforward characterization of atmospheric moisture demand
(termed "potential evapotranspiration,” or Ey) and a practical means of estimating it (Wilm et al., 1944).
Thornthwaite's contribution to climatological understanding has endured not only because his E; concept is
physically grounded, but because relatively reliable estimates of E, can easily be made from
measurements (or estimates) of monthly air temperature (T) and day length (h).

Thornthwaite's E, as well as his climatic water-budget algorithms (Thornthwaite and Mather, 1955)
have found many varied uses, ranging from evaluating local hydroclimatic problems to assessing the
geographic variability of evapotranspiration on regional, continental, and even global scales. His separation
of Ey, E, and , and representation of E as E = E; —where E is the actual evapotranspiration and is a
dimensionless measure of land surface moisture conductance—in particular, suggests which environmental
characteristics should be observed and estimated. Thornthwaite's conceptualization, in other words, has
significantly advanced our understanding of how to sample the environment to assess the hydroclimate of a
place or region.

This chapter illustrates some of the ways in which geographers have made substantial contributions to
empirical scientific techniques through their methodological research. Some of these techniques were developed
by other disciplines for other purposes and were adapted by geographers to meet the special challenges posed by
the study of spatial and temporal aspects of phenomena, processes, and events. Some of the techniques
developed by geographers have found widespread use in other disciplines and in the public and private sectors
generally. Perhaps the best current examples are GISs that store, manipulate, and display geographically
referenced information. The potential of GISs to handle large quantities of spatially related information fills an
important need in research, education, and applied work in the public and private sectors. The geographic
information system, in addition to being a stimulus for theoretical research in spatial representation (see
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Chapter 3), is a major topic of techniques-related research in geography and it is one of the principal topics of
specialization within the field, currently demanded by students and employers alike.

The focus of this chapter on techniques for empirical analysis should not be taken to mean that
methodological contributions in geography have been restricted to observation and hypothesis testing. For the
past 20 years the discipline has been a fertile field of theoretical research, particularly in conceptualizing and
modeling geographic processes. In many ways these theoretical developments have given the discipline its
secure intellectual foundation.

OBSERVATION

Observation of phenomena and events is central to geography's concern for accurately representing the
complexity of the real world. The traditional and still widely practiced method of observation is through direct
"on-the-ground" contact between geographer and subject through field observation and exploration. Fieldwork is
particularly effective for making observations at micro- to mesoscales, as typified, for example, by the study of
single watersheds or cities.

SIDEBAR 4.2 Spatial Diffusion and Epidemics

Theoretical work on the spatial diffusion of innovations began with the novel |
concapiual and mathodological contributions of Torsten Hagersirand (1653, ses |
also Hagerstrand, 1967). Recognizing that the formal concepts of spatial structure,
pattarn, and random cholce wera all at work, he adopted a Mante Carle approach
{for the first time in any of the human scences) based on simulation methods
uséd by John Von Néumann and Stanislav UWiman to solve Infractable mathematical
problems encountared on the Manhattan Project during Werld War Il The diffusion
ol innovations through 8 human population was assumed 1o occur through informa-
ticn passing by Interpersonal contact,

His theory formalized ideas that were developing at tha tima In eullural geogra-
phy, and it has since been applied to a wide range of phenomena. For instance,
research on the spread of confagious diseases from measles to AIDS has bullt
on Hagerstrand's formalisms and has profoundly improved our understanding of
epidemics. This research has shiown that tha waves of many epidemics that spread
through populations depend {o a considerable degroe on the geographic distribution
of interparsonal contact patierns (Clift et al., 1986; sea Figura 4.1),

More recently, it has been argued that spatial diffusion is influenced as much
by tha societal context within which diffusion occurs, s by the actions of individuals
(Brown, 1881, Blaut, 1887). A concaptual shift 1o & “supply-side” parspactive has
changed the questons asked about spatial diffiusion from a locus on susceptibility
&l individual adopters to a focus on the rale of societal forces In the diffusion
process, including the way in which such forces structure the space thraugh which
a pathcgan might move. This has necessitated different kinds of information, and
| differant empirical research strategies. from those characterizing earier work.
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FIGURE 4.1 Measles epidemics ocour in cycles, as illustrated here in plots
showing the number of reported cases of measles per month in the United States,
the United Kingdom, Denmark, snd Ieeland. The frequency of measles epidemics
is related to the size and isolation of the affected populations. Epidemics tend
ta occur more often in large, well-connected, mobile populations (e.g., the United
States) and less often in smaller, more 1solated populations (e.g., lceland).
Source: Chff et al. (1981).
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Fieldwork is an intensive endeavor. It can require substantial investments of human and financial resources,
particularly if carried out over extended periods of time.

The intensive nature of fieldwork makes it impractical for macroscale observations of the Earth's surface.
Such observations are best made by using remote sensing techniques that utilize air- or spaceborne platforms and
sensors. The development of these techniques, and especially the collection of remote sensing data, have often
been led by geographers.

Field Observation/Exploration

The principal laboratory for geographic investigation is the field. Indeed, Sayer (1993) has argued that the
intensive, comparative case-study research enabled by field observation is central to understanding the variations
between places that geographers specialize in studying. Many of geography's most compelling questions center
around changes in the physical and built landscape. Addressing those questions usually requires field observation
and spatial sampling. Geographers interested in social patterns and processes also use archival research,
interviewing and surveying techniques, and participant observation methods that are associated with the social
sciences more generally.

Fieldwork allows geographers to make direct observations in places where local data are missing or
unreliable and to check the validity of existing secondary sources such as census statistics. While the increased
availability of remote sensing imagery would seem to reduce the need for fieldwork in some research, in truth it
makes such work even more important because accurate interpretation of imagery depends on detailed
knowledge of the actual patterns on the ground. To decide, for example, which areas on a forested scene
represent healthy old-growth forest as opposed to disease-infested old-growth or young secondary forest,
researchers need field data on the composition and distribution of different forest stands so that they can assess
how such stands are "seen" by remote sensors.

Fieldwork may also be needed to test the validity of interpretations (e.g., a vegetation map) that others have
made based on remote sensing imagery—just as it is necessary to test the validity of other secondary data
sources, digital or otherwise. The wide availability of digitized secondary datasets (not just interpreted imagery
but also census data and other information) makes it easy for students and researchers to download information
and perform their own analyses. Unfortunately, such datasets frequently do not include detailed descriptions of
the origins and reliability of the information. In cases where these "meta-data” are missing, the digital datasets
may only be useful if the researcher is able to assess their reliability through fieldwork. In a digital age, when it
seems so easy to collect observations "automatically" from space or secondhand from online datasets, fieldwork
becomes more, rather than less, important to good scholarship.
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The contributions of geography to the practice of field research derive from the discipline's emphasis on
location and synthesis. As noted in Chapter 3, geographers are concerned with distributions and spatial patterns
of phenomena. In these connections they have contributed to our understanding of distributions and patterns
through the development of innovative field mapping techniques. To geographers, field maps are more than
orientation aids. They are a tool to record and to uncover relationships among observations. Geographers have
developed field mapping techniques to shed light on everything from spatial cognition to the origin and diffusion
of cultural traits. With the explosion of GISs, global positioning systems (GPSs), and related technologies,
geographers are at the forefront in automating the compilation, manipulation, and analysis of field observations
(see Figure 4.2).

The field geographer's interest in distributions and spatial patterns is part of a larger concern with synthesis:
how and why particular phenomena come together in specific places to create distinctive environments. This
concern leads geographers in the field to observe and study a wide range of physical and social phenomena.
Research on land reform, for example, might involve soil sampling as well as interviews with affected individuals.

The enduring importance of fieldwork in geography extends beyond research to pedagogy. At a time when
new ways are being sought to promote environmental and cultural awareness through education, geographic
fieldwork offers a unique and valuable perspective. Field excursions are incorporated routinely into many
geography courses. They are designed to teach students about the environment in which they live and to
encourage them to be inquisitive about the processes that shape landscapes and cultures. Fieldwork thus provides
both a tool for the acquisition of knowledge and a means of promoting awareness and appreciation of culture and
the environment.

Remote Sensing

Remote sensing is defined here as the detection and recording of electromagnetic radiation signals from the
Earth's surface and atmosphere using sensors placed aboard aircraft and satellites. These signals are usually
recorded in digital form, where each "digit" denotes one piece of information about an average property of a
small area of the Earth.

Geographers have been using remote sensing data since they first became available about 30 years ago.
Geographers who study the Earth's climate, for example, use satellites to collect data on atmospheric conditions
for monitoring and predicting change. Remotely sensed data also are very useful in creating and updating maps
of physical, biological, and cultural features at the Earth's surface. The ability of certain sensor systems to "see"
through cloud cover, and their unrestricted access to all portions of the Earth, provide information that may not
be available from other sources.
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Figure 4.2

This photograph shows a GPS (mounted on the rider's back) being used to record positional data while traversing
remote highlands of the Dominican Republic for a research project on Quaternary paleoclimatology and
biogeography. Data were subsequently entered into a GIS to map trail routes and geomorphic features under study.
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Geographers have played important roles in efforts to use satellite data for taking inventory of and
monitoring land cover, both regionally and globally. For instance, a joint U.S. Geological Survey (EROS Data
Center)/Center for Advanced Land Management Information Technologies project recently demonstrated a
method using multisource data that successfully characterized 159 land cover classes for the United States (see
Plate 11). The acquisition of global land cover data has been recognized as a top priority by the National
Research Council and the International Geosphere-Biosphere Programme (e.g., Townshend, 1992; NRC, 1994).

Geographers have also played key roles in the collection and processing of remotely sensed data for the
National Oceanic and Atmospheric Administration's Coastwatch Change Analysis Project, a joint state and
federal program designed to monitor environmental changes in coastal wetlands, uplands, and submerged
habitats. Klemas et al. (1993), for example, developed a coastal land cover classification system for use with
satellite imagery. The system is compatible with existing coastal mapping programs and databases and with GIS.
Dobson and co-workers (Dobson and Bright, 1991; Dobson et al., 1993) have conducted prototype studies in the
Chesapeake Bay watershed and have helped develop a protocol for mapping locations, characteristics, and
changes in coastal zone habitats. Jensen and co-workers (Jensen et al., 1993a, b) have used remote sensing data
to predict the effect of sea-level changes on coastal wetlands (see Plate 3).

Scale is a fundamental issue for collection of data by remote methods. In this context, scale can refer to the
spatial, spectral, radiometric, or temporal characteristics of sensor systems, all of which—singly and in
combination—affect the quality and usefulness of the collected data. Geographers have made valuable
contributions in understanding the spatial- and temporal-scale dependence of geographic data and in determining
optimal measurement scales for remotely gathered data.

Geographers are also involved in developing new technologies for integrating, analyzing, and visualizing
multiresolution satellite data in integrated geographic information systems. The integration and visualization of
satellite imagery with other types of data hold enormous potential for researchers, resource managers, and
decision makers as they strive to inventory, understand, and manage the Earth's human and natural environment.

Sampling and Choice of Observations

An important component of much geographic research is estimation of the values of variables through
sampling. Evaluating the efficacy of sampling designs is an important topic of research in geography and an
important aspect of applying geography's techniques.

Traditionally, sample collection in geography utilized sampling designs borrowed from classical statistics,
but for many geographic data, classical sampling
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designs may not produce representative samples. Random samples are not necessarily representative samples
because of the way processes can vary in time and space. For spatially referenced data there is no consistent
relationship between the number of observations and their representativeness. Quite commonly, other
information is available that permits the differential weighting of sample observations. Such Bayesian weighting
schemes, for example, are becoming especially important in interpreting the geographic patterns of disease
distributions. The "samples" of observed diseases are hypothesized to be drawn from known processes, and the
interest is in observing differences between observed and expected patterns of disease given the geographic
distribution of conditions known to affect the likelihood of the disease being present in a population (Langford,
1994). Generating samples from known processes, computing the reference distribution and finding the
relationship of an observed sample estimate to it, is often accomplished using Monte Carlo simulation methods
(Openshaw et al., 1987, 1988).

Many samples of geographic data are taken from datasets designed for other purposes (e.g., from the
census). This resampling of samples confounds classical statistical probability assessments and hypothesis
testing. A number of geographers have begun to move away from classical statistical approaches toward more
flexible approaches that incorporate geographic understanding. The move from "direct" to "indirect" estimation
techniques that rely on knowledge from related observations to estimate the conditions of small areas illustrates
this change. In qualitative approaches in human geography, formal sampling designs are often questioned, since
space is not conceived of as an empty space whose content is to be captured through systematic samples—but,
rather, as a differentiated space with meanings attached to areas that change across space in noncontinuous ways.
In qualitative analyses a contrast is made between time, which is seen as one-dimensional and unidirectional, and
space, which is seen as multidimensional and ordered in many different ways. For the qualitative geographer,
who is often cultivating the middle ground between the universality of science and the particularity of history,
interpreting the meaning of change in space becomes the goal and purposive sampling the tool for this end.

An example of a new approach to sampling design and evaluation is the ongoing effort to assess global
climate and climatic change from weather station measurements. Rain gauge networks provide spatial samples of
the continually varying global precipitation field. Their spatial distributions are neither random by design nor
demonstrably random in effect (see Figure 4.3); nevertheless, the nodes of these sampling networks (the rain
gauge locations) are arguably the best representations of historical precipitation variability. Standard statistical
approaches are inadequate for assessing precipitation variability from such samples for the reasons mentioned
above. In their place, computer-intensive, nonparametric methods of evaluating the rain gauge networks and, in
turn, the precipita
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(b) 1930, and (c) 1960. Station locations are denoted by closed circles.

i)

Spatial distribution of precipitation stations in the National Center for Atmospheric Research's World Surface

Climatology for (a) 1900
Source: Willmott et al. (1994).

Figure 4.3
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tion fields that they represent have proven useful, when informed by climatological understanding.

DISPLAY AND ANALYSIS

The traditional tool in geography for the display of spatially referenced information is the map.
Cartography is a subdiscipline traditionally concerned with formalized procedures for making maps. To many,
the term map connotes a fixed, two-dimensional paper product containing point, line, and area data. During the
past generation, however, advances in data collection, storage, analysis, and display have greatly expanded this
traditional view. The "modern" map is a dynamic and multidimensional product that exists in digital form. The
advent of such maps has opened up new fields of research and application for geographic investigation.

Any geographer educated 25 years ago who returned to the discipline today would be impressed by the
methods geographers now use to record and process spatial information (Laurini and Thomas, 1992). The
changes extend beyond the development of GISs to new techniques for geographic visualization and spatial
statistical analysis, which provide for an increasingly complex and contextual understanding of the world. This
same observer would also be impressed by the problems that remain to be solved. For example, a substantial
methodology now exists for statistical analysis of spatial data, but it has not yet been integrated into GISs.
Indeed, as a platform for the investigation of scientific questions, GISs are still in their infancy. Many
geographers believe that a large dividend would come from integrating GISs as information science with
visualization techniques and spatial analysis methods.

The following subsections provide a brief review of some of the substantive methodological contributions
of the discipline to display and analysis techniques. These include cartography, GISs, geographic visualization,
and spatial statistics.

Cartography

The traditional close association between geography and maps is appropriate given the discipline's concern
with space and place. The symbiotic link between geographers and maps has ensured the persistence of
cartography as a subdiscipline of geography within most academic settings.

The field of cartography has changed enormously during the past three decades, primarily because of the
widespread availability of computers. Computers have made possible new forms of symbolization, such as
dynamic (i.e., animated) maps, customized maps for individual users, and interactive maps. They have also made
possible new methods for scientific visualization and spatial data analysis.

Geographic cartographers have made especially valuable contributions to
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the development of automated mapping systems. Their research on map reading processes, map production
techniques, cartographic generalization, and cartographic design has facilitated the automation and formalization
of what had been an intuitive manual procedure. With generalization, for example, a conceptual model has been
devised that separates the subjective and holistic approaches of traditional cartography into discrete
subcomponents that have been successfully incorporated into digital mapping software (McMaster and Shea,
1992). Cartographers have also worked to prevent the inadvertent misuse of computer mapping systems and
maps by developing expert systems for map production.

Some of the most interesting and potentially useful research conducted by geographers today is in the realm
of dynamic or animated cartography. Animation enables the visualization of changes in phenomena across space,
through time, and in attributes of the phenomena themselves (see Sidebar 4.3). One of the earliest animated maps
of the microcomputer era showed the spread of AIDS at the county level in Pennsylvania (Gould, 1989). This
animation was used to highlight the initial concentrations and spatial diffusion of the disease more effectively
than a sequence of static maps. The intention of this dramatic portrayal was to inform and educate health care
researchers and the general population. The cartographic techniques developed in this research subsequently led
to inclusion of a series of animated maps in one of the best-selling CD-ROM encyclopedias.

Geographers have led the way in research on another new cartographic format: electronic atlases and atlases
on CD-ROMs. In a recent project undertaken jointly by Florida State University, the Florida Department of
Education, and IBM, an atlas of Florida was published on a CD-ROM and distributed to all schools in the state
("Atlas of Florida," 1994; see Figure 4.5). This format permits the inclusion of multimedia material that could
not be accommodated by traditional printed text: audio, video, animation, or a multitude of photographs and
other graphics. Electronic atlases and related geographic programs are already proving to be effective in
educational settings, especially at the kindergarten through grade 12 levels. The newly released "ExplOregon: A
Geographic Tour of Oregon" (a 1995 multimedia CD-ROM developed by William Loy with Digital Chisel
software by Pierian Spring Software) is changing the way that the geography of Oregon is taught and learned in
schools throughout the state. As national standards for geography education are developed, educational aids such
as electronic atlases will become indispensable.

Geographic Information Systems

Geographic information systems were defined in 1992 by the U.S. Geological Survey as "computer system
[s] capable of assembling, storing, manipulating, and displaying geographically referenced information" (USGS,
1992). Such systems, in fact, have power, utility, and importance far beyond this definition, both within and
beyond the field of geography. Their most valuable potential capability,
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which sets them apart from computer mapping systems, is the ability to perform spatial analyses to address
research and application questions.

SIDEBAR 4.3 Climate and Vegetation Change

Map animation has been used to examine continantal-scale changes in vegeta-
tlan In respansa to climate changa. Flgure 4.4 shows a sarles of sopoll maps of
the obearvad and simulated distibution of spruca pollan in aastarn Noh Amanica
during the past 18,000 ysars. Thae observed pollen maps are basad on data from
328 fossil poflan sites across the region, The simulalad maps were ganerated by
using general circuiation modets of past climates at 3,000-year intervals, together
with responsa surdaces that describe tha dependence of the madern distribution
af pallen on climate (COHMAR, 1888}, These individual “snapshot” maps were
animatad o axplore the samatimas small diffarences batwaan obsaned and simu-
lated patterns of spruce and other pollen typaes and to study the changing patiems
af all taxa at time scales shorlar than thosa represantad hem, A combination of
visugl and stafistical analyses of these and other data has been interpreted fo
suppart the dynamic eguiibrium hypothesis thal explains vegetation change as
a response to continuous climatic forcing, Continental-scale vegetation patiarns
appear 1o reflact the changes of climate during the past 18,000 years with lags
no graator than abaout 1,500 years (McDowell et al., 1891; Prentica at al., 1891;
Weahb and Bartlein, 1932},

="
Spruce Simuluted by Climals BMadil Oul

,-"""‘:!-.\!.-""“"-L!:H.!

Jha Pragant

1Bkd 15ka

FIGURE €4 [sopoll maps showing the observed and simulpted distribution
of spruce (Picea) pollen in the eastern United States. The light, medivm, and
dark stippling represent pollen abundances greater than 1, 5, and 20 percent,
respectively, The symbol “'ka’™" denotes thousands of yvears before present.
Source: Webb and Bartlein (1992, Figure 2).

Fundamental to the successful propagation of GISs is the development of methods for representing and
coding spatial data (see Sidebar 4.4). GISs can be used to perform an extensive variety of spatial operations and
analyses on properly coded data. At the most elementary level are computations of distances, areas, centroids,
gradients, and volumes. More complex operations that add spatial
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referencing to a basic calculation are also possible—for example, going beyond questions about the total length
of a city's sewer lines to questions about the total length of sewer lines in a given area in a particular city and
what proportion of this length is more than 50 years old. GISs are also capable of more complicated operations
such as (1) calculating new spatial datasets based on attributes of existing data—for example, calculating slopes
from elevations; (2) comparing two or more spatial datasets based on user-specified criteria—for example,
identifying toxic waste sites that are situated on permeable soil; (3) delimiting areas that possess certain
characteristics defined by the user—for example, delimiting locations of commercially zoned land within 2 miles
of an interstate highway; and (4) modeling the possible outcomes of alternative processes and policies—for
example, determining the impact of flooding along the Mississippi River given the presence or absence of levees
(see Plate 10).

a 1
Arrests for Drug
Sales and Possession,

1989

Rate per 100,000 Fopulation
O-181

L -
d y 216-3587

R 43z-s4e

- SET-T6S
[ e

Figure 4.5

Choropleth map from the "Atlas of Florida" CD-ROM showing arrests for drug sales and possession by county for
1989. By clicking on the graph icon at the lower left of the screen, the user can display an animated bar graph that
depicts changes over time in drug-related crimes and enforcement.

Source: "Atlas of Florida" (1994).

GISs are being used to facilitate a variety of management and planning decisions in both the public and the
private sectors. For instance, in Wake County, North Carolina, potential sites for schools, libraries, and other
facilities have been determined by identifying adequately sized parcels of vacant land and providing information
about utilities, topography, and demographic characteris
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tics of the local population. By incorporating population data from the 1990 census into their GIS, Wake County
planners can generate population projections, vacancy rate estimates, and growth rates in demands for services
(Juhl, 1994).

SIDEBAR 4.4 LOCATIONAL CODING

With the help of its Geography Division, the U.S. Bureau of the Census has developed and released
into the public domain a digital data file describing roads, rivers, and many other features of the United
States at a nominal scale of 1:100,000. Attribute information of these Topologically Integrated Geographical
Encoding and Referencing (TIGER) system files includes the locations of street addresses on all defined
road segments. Many software developers and vendors have written computer programs that allow users
to read and display these files and to add other information containing street addresses. Street addresses
have become the locational reference code from which near-absolute locations can be established with an
accuracy of approximately 20 m. Through address matching, distances can be computed through the street
network between, for example, patients and hospitals, the scene of crimes and police patrol routes, and the
homes of children and schools.

New locational coding schemes now make it possible to customize information for specific
applications. For example, businesses can use this information to better target their marketing efforts.
Government can use this information to improve the delivery of social services or economic assistance.

Geographers who know how to access and manipulate TIGER data are in great demand by the many
public and private organizations that have discovered the importance of thinking spatially in an increasingly
geographically diverse world.

Plate 4 provides a further illustration of the capabilities of GISs to integrate data from diverse sources to
create products for planners and policy makers. The figure shows a map of a portion of Columbia, South
Carolina, that was created by combining 1990 census block-level data on racial composition with the county
assessor's parcel-level data on land use. Proportional pie graphs provide a visualization of the varying levels of
racial integration within blocks. This type of display would be especially useful for political reapportionment.

Another challenge in which GISs have found use is in monitoring natural resources. For example, GISs are
being used to assess the impact of water releases from the Glen Canyon Dam on water flow in the Colorado
River through the Grand Canyon (Powers et al., 1994). Researchers constructed databases that contain spatial
coordinates of the study area and "layers" of information about the canyon's vegetation, surficial geology, and
hydrology. These three characteristics are being monitored and analyzed to determine trends through time in
riparian vegetation growth, habitat, and "events" such as channel scouring and channel constriction.

In addition, GISs have a growing role in international policy and planning associated with human welfare.
One particularly compelling example, cutting
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across the issues outlined in Chapter 2, involves the Bangladesh Flood Action Plan (FAP) of the International
Council for Scientific Unions-International Geographical Union (ICSU-IGU). FAP is a major international
research and policy development effort designed to provide flood warning, coordinate assistance efforts during
flood events, and develop long-term flood mitigation plans. The project brings geographers in Bangladesh
together with an international team of experts (coordinated by the IGU) to build a knowledge and technology
base at the University of Dhaka. A particularly important component of the project involves rapid field mapping
by local technicians using handheld GPS monitors integrated with pen computers. Data are gathered and fed
directly into the GIS to allow for updated mapping and integration with remotely sensed images.

Although GISs are being utilized at ever-increasing rates, their full potential remains to be realized.
Geographers have an intrinsic interest in GISs from at least three perspectives: (1) as users of GISs for research
and applications; (2) as contributors to the development of GIS methods, theories, and applications; and (3) as
educators. The interest in GISs as an education tool is becoming increasingly important because their
applications are growing rapidly and their impacts promise to be powerful. Geographers will be responsible for
preparing future generations of GIS users and must provide them with strong backgrounds in understanding
geographic processes and patterns, spatial analysis, and spatial visualization techniques.

To the end user of a GIS, its operation can be a deceptively simple "black box" that generates answers to
queries at the press of a few keys. There is an inherent danger in this apparent simplicity, however, in that users
can easily and unknowingly misuse the power of GISs to produce irrelevant or erroneous solutions (Cartography
and Geographic Information Systems, 1995). Users need considerable background knowledge of the subject
matter to which GISs are being applied, as well as an understanding of the analytical operations available on the
systems, in order to know what questions to ask, the relevant variables to invoke, and how to recognize
nonsensical procedures and answers.

An outgrowth of GISs (linked to geographic visualization and spatial statistics—both discussed separately
below) is the development of geographic information analysis (GIA) tools. Such tools typically use an existing
GIS as a base (or rely on data structures originally designed to support GIS) to which numerical analysis and
sophisticated visual display methods are linked. Among the more successful early GIA tools was the
Geographical Analysis Machine (GAM), the goal of which was to generate an automated answer to the question
of "where" to look for patterns by initially looking everywhere (Openshaw et al., 1987). GAM is part of a larger
effort to develop a "computational human geography,"” an approach to human geography that builds on the
massive databases of social and economic data being generated together with inductive approaches to arriving at
useful generalizations. Application of the original GAM resulted in successful
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identification of clusters of leukemia cases. The method was, however, limited by its use of brute force
(nonefficient) methods.

In a recent extension of GAM, Openshaw (1995) has implemented a space-time-attribute analysis machine
(STAM) linked directly to GIS. The goal of STAM is to determine a set of GIS operators that, when applied to a
database query, will identify cases that form a statistically unusual pattern. In its most recent implementation
STAM incorporates the use of "genetic" algorithms (i.e., algorithms that adapt to their environment, for example,
by defining the appropriate spatial scale and resolution for a particular problem context).

Another significant development in GIA is the incorporation of object-oriented programming (OOP)
concepts to extract the data needed for an analysis from a GIS, solve spatial analytic problems, and subsequently
link the solutions back to the GIS for display of results and further analysis. One example of this approach
involves development of custom routing software for use by the U.S. Agency for International Development
(USAID) in decision making related to food aid transport in southern Africa (Ralston, 1994). Southern Africa
imports large quantities of food grains, and the state of the economy dictates that much of this is in the form of
food aid. The software developed for USAID is based on an OOP approach linked to the commercial GIS,
Arclnfo. The combination provides a flexible tool for prepositioning food in storage facilities, setting prices for
acquisition of more carrying capacity, determining where to add more storage, making distribution decisions,
choosing best modes and routes for transport, and determining the location and cost of bottlenecks. The OOP
approach was found to be particularly useful in quickly adapting the decision model to deal with changes in
obstacles to distribution.

Geographic Visualization

Geographic visualization (GVis) can be defined as "the use of concrete visual representations . . . to make
spatial contexts and problems visible, so as to engage the most powerful human information processing abilities,
those associated with vision" (MacEachren et al., 1992, p. 101). The dramatic increase in volume of
georeferenced data being collected and generated today is exceeding our capacity to analyze and digest it. Using
the power of human vision to recognize patterns and synthesize spatial information increases the capacity of
geographic researchers to cope with this data volume. For example, a simple 48 x 48 matrix of fiscal transfers
for the United States generates 2,256 pieces of information for each time period considered. Such information
can be concisely summarized in a simple yet effective visualization (e.g., see Figure 4.6).

GVis combines display with analysis capabilities to enable the search for patterns and relationships; the
identification of anomalies; the analysis of directions and flows; the delineation of regions; and the integration of
local, regional, and global information (see Figure 4.6). The development of flexible GVis tools
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is an important topic of geographic research because such tools are essential to fully exploit the information
"content” of georeferenced data. Geography as a discipline is involved with GVis in three ways: development,
application, and assessment of the implications of its use.

Figure 4.6

Estimated trajectories of fiscal transfers via federal accounts for 1975 (Tobler, 1981). The flow pattern has been
estimated from a rather coarse 61 x 95 finite difference mesh, having an approximate resolution of 400 km. The
flow lines depict the theoretical paths of fiscal transfers computed from the potential field obtained as the solution
of Poisson's equation. This simple but effective visual depiction dramatically illustrates the general direction of
flow and also depicts partitioning into flow regions quite clearly. The resolution upon which it was based, which
was partly a function of computational power in 1981, does not support identification of particular origins and
destinations.

The most active topics of GVis research are exploratory spatial data analysis (ESDA) and the application of
multimedia to spatial analysis, education, and policy decisions. Research on ESDA includes work on extending
classical statistics to deal with spatial data, as described later in this chapter. Research in this field also includes
the development of new data transformation and symbolization techniques and the development of computer
interfaces to allow interactive analysis of spatial data (see Sidebar 4.5).

In the field of multimedia research, cartographers are developing techniques and computer interfaces that
allow animation to be used as a tool for spatial pattern recognition. Multimedia tools are also being developed to
link maps, graphics, text, and data to understand the complexities of geographic processes in
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problems involving human-environment interactions. GVis concepts also provide structure for the design of
multimedia tools for interactive learning. Multimedia visualization technology is important in the context of
digital geographic libraries. A particularly innovative development in this context is the first comprehensive
collection of Native American maps (Andrews and Tilton, 1993). The library contains high-resolution images of
original maps stored at a variety of resolutions and accessible through a comprehensive cross-referenced
indexing tool that takes advantage of the nonlinear structure inherent in hypermedia applications.'

Geographers are exploiting the dynamic capabilities of GVis—its abilities to directly manipulate model
parameters or map elements or its capacity for animation—to analyze complex spatial processes. As noted in
Sidebar 4.3, for example, animation has been used to understand tree species migration across North America
and to compare it with predictions from climate models.

Beyond its role in exploratory research, interactive GVis is rapidly evolving as a tool in policy formulation.
A good example is Shiffer's (1993) multimedia environment, which was developed to allow participants at
public meetings concerned with airport siting to hear the noise that would be generated at specified locations in
relation to the proposed facility.

GVis and scientific visualization in general represent a shift away from strict quantitative analysis to
increased reliance on qualitative sensory perception. Particularly when used with modeling and simulation, GVis
has important ramifications for geography and the rest of science. These include fundamental issues of how
research questions are framed and even what constitutes a problem worthy of investigation. As geographers
move away from the use of fixed maps and avail themselves of the multiple perspectives permissible with GVis,
they must come to grips with how the "truth" of the representations generated can be judged—and even what
truth is. There is a growing need to address such issues as truth in representation, particularly in relation to the
use of GVis and GISs in public policy applications.

Spatial Statistics

The analysis of geographically referenced information poses statistical challenges not faced in most other
disciplines. First, observations are not always scalar numbers, such as points on a map. They may be
multidimensional, consisting of lines, areas, and volumes. Second, the observations may be spatially or
spatiotemporally covariant—that is, the values of observations made in one location may depend on the values of
observations from other locations or from the same

! The term hypermedia is generally used to refer to data structures in which discrete packets of information (e.g., text,
graphics, sound) are electronically cross-referenced and linked for easy and efficient access (e.g., Lindholm and Sarjakoski,
1994). A good example of a hypermedia application is the World Wide Web.
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SIDEBAR 4.5 Interactive Analysis of Spatial Data

Among the more innovative technigues in exploratory spatial data analysis Is
geographic brushing, a computer procadure that dynamically links and displays
scatterplots and maps of data (Monmonier, 1989; sea Figumna 4.7). Tha procadure
allows analysts 10 highlight individual or groups of data points on a scatterplot
displayed on a computer screan and 1o see where the points appear on othar
scatterplols or on the map. Alternatively, the analyst can highlight specific geo-
graphic regions on the map and see where the data from these regions fall on the
scatterplots, A temporal "brush” allows tha analyst to quickly step through a time
saries of maps and scatterplots 1o investigate changes in spatial relationships.

FIGURE 4.7 Sample screen from a computer display that illustrates the tech-
nique of geographic brusking. The scatterplots at the top of the screen show
relationships among metropolitan population, per capits income, and percentage
of homes with cable television for the United States. The bottom of the screen
displays a slidebar (the resmporal brush) that can be used 1o select the time period
displayed on the scatterplots. In this case, the year selected is 1985, The analyst
uses the searrerplor brush to select data on the scanterploi—in this case, the
hachured region on the middle-left scatterplot 18 selected. Stites with diuta that
plotin this region are highlighted (shaded) on the geographic brush in the middle
of the screen. Source: Monmonier (1989).
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location at different times. This violates a key assumption central to much statistical theory—that
observations are mutually independent.

Attempts to deal with these challenges have stimulated the development of a new subfield of statistics.
Although this work began in ecology and biostatistics and has lately attracted the interest of statisticians, many
of these developments were pioneered by geographers. For example, geographers have developed methods for
estimating the degree and nature of spatial autocovariance in point, line, and area data. They have also addressed
such complicating features as periodicity or waves in spatial patterns. Geographers have also played an important
role in developing multivariate statistical analysis methods to deal with the spatial and temporal autocovariance
of much spatially referenced data.

Spatial data pose special problems that are subjects for research by geographers. Because geographic data
often fail to meet distributional assumptions necessary for classical statistical procedures, geographers have been
at the center of attempts to develop distribution-free methods for estimating statistical relationships among
variables. They also have been involved in the development of methods for estimating prior probability
distributions, either through Monte Carlo simulations that generate reference distributions unique to each locality
or by developing Bayesian methods that allow investigators to incorporate knowledge of known relationships in
statistical investigations.

Methods for evaluating data for spatial dependencies have received recent attention from geographers (e.g.,
Getis and Ord, 1992). Such measures are used both to identify spatial patterns in data and to allow analysts to
understand spatial relationships in their data so that appropriate analytical techniques can be chosen. When
measures of spatial dependency are applied to real world datasets of the magnitude needed to address the societal
problems identified in Chapter 2, spatial dependency measures can become intractable. One promising solution
to the dilemma is the application of massively parallel processing methods (Armstrong and Marciano, 1995).

Recent research in GISs aims to develop "data models" that facilitate the routine analysis of spatial
dependence, spatial heterogeneity and spatially referenced diagnosis of regression models. These spatial data
models are used to prepare data in the special forms needed to efficiently accomplish these spatial analysis
methods. The intent is to bring the same level of enabling technology to spatial analysis that spreadsheets and
statistical packages have brought to statistical analysis (Anselin et al., 1993).

Research in spatial statistics is believed by many to be in its infancy because many research questions are
likely to yield to computational approaches. There are enormous complexities in the analysis of spatially
referenced data that require additional research. For instance, research is needed to understand the scale
dependence of statistical methods and sampling designs. This work is necessary to understand why different
aggregations of spatially referenced observations give statistical results that vary dramatically and unpredictably
from one spatial

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S TECHNIQUES 69

specification to another (e.g., Tobler, 1969). Research is also needed to understand how to separate
environmental effects from other geographic variations in health research—how, for instance, to separate
environmental factors that cause cancer from the density of susceptible populations when searching for cancer
clusters. This last example illustrates the importance of research in addressing important public policy questions.

CONCLUSIONS

Current trends in geography's techniques suggest a future in which researchers, students, business people,
and public policy makers will explore a world of shared spatial data from their desktops. They will request
analyses from a rich menu of options, select the geographic area and spatial scale of analysis, and display their
results in multimedia formats that are unanticipated today.

In developing GIS-GVis tools of the future, developers need to think more broadly about the context of the
problems and the knowledge and skill levels of users. The users of tomorrow are likely to be a far broader group
than at present—in background, perspectives, and skills. Indeed, many will be novices by today's standards, and
they will rely on the embedded knowledge of experts in their use of these tools.

The users of the future will also bring different world views and theoretical perspectives to these tools. They
will challenge the adequacy of current techniques for analyzing and understanding geographic phenomena,
posing challenges that must be taken up by developers when designing next-generation tools and theories.
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5

Geography's Contributions to Scientific Understanding

Geography contributes to science as a part of the broad, creative, multidisciplinary effort to advance the
frontiers of knowledge. In so doing it offers significant insights into some of the major questions facing the
sciences, related to the pursuit of knowledge both for its own sake and for the sake of improving society's well-
being.

In this chapter, geography's contributions to scientific understanding, both actual and potential, are
illustrated by way of example. The chapter itself is organized around the three "lenses" through which
geographers view the world—integration in place, interdependencies between places, and interdependencies
among scales. These constitute the major sections in this chapter, along with spatial representation. For each of
these sections the chapter uses examples from geography's subject matter to illustrate how geographic thinking
and approaches contribute to scientific understanding generally. The chapter then provides examples of how
such thinking can be used to address important scientific and societal issues. These illustrations are followed by a
similarly brief and selective discussion of spatial representation.

For the sake of brevity, and because the report is directed primarily to audiences outside of the discipline,
the chapter illustrates geography's contributions by using a few examples, chosen primarily to illustrate the range
of geographic research. Far more research by geographers has contributed significantly to science than is noted
here specifically, of course. Examples of this research are referenced throughout this report.
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INTEGRATION IN PLACE

Geography's traditional interest in integrating phenomena and processes in particular places has a new
relevance in science today, in connection with the search for what some have called a "science of complexity."

Geography's Subject Matter

From its work on integration in place, geography has produced a substantial literature related to the
challenges of integration in place and the significance of such integrative perspectives for scientific
understanding. Two examples are environmental-societal dynamics and the distinctiveness of place.

Example: Environmental-Societal Dynamics

At least since Malthus,' the relationship between population and its social and environmental resource base
has been a central issue for science, and geography has long focused on the nature of that relationship, ranging
from local and contemporary contexts to global and historic processes. Geographers are involved in both data
collection and analysis to identify connections among changes in population, environment, and social responses.

For example, geographers have reconstructed population-resource dynamics for a large number of places
throughout the world. Following Butzer (1982), several important facets of the relationship over the long-term
may be distilled from these works, such as the following:

» Sustained population growth is not the norm at subglobal (regional) levels; given sufficient time, locales
and regions may display significant declines in population.

» These declines are typically associated with political devolution.

* Populations do not always, or regularly, approach the limits allowed by the sociotechnological
conditions in which they exist.

* Human-induced environmental change involves continual trial-and-error adjustments on the part of the
population. Among agrarian-based societies, these adjustments are consciously related to a strategy to
balance short- and long-term needs.

As another example, flows of materials, energy, and ideas across places have powerful impacts on human
uses of the environment, and such impacts can mask basic understanding of contemporary environmental
change. The sixteenth-

! The English economist and mathematician Thomas R. Malthus (1766-1835) is best known for his work on population and
resources, embodied in his Essay on the Principle of Population, which was published in 1798.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

©
]
=
=
o
2
©
]
X
©
o
2
e
©
o
©
o
»
Q2
©=
o
£
=
=]
©
[ ]
o}
o
>
=
©
£
2
=
s}
©
z
=
IS
S
=
=
[}
c
X
[}
o}
e
.
©
o
©
o
©
£
2
=
s}
©
-
=]
IS
o
2
E
e
o}
2L
©
o
2
G
n
kS
©=
_
=
X
IS
o
2
E
e
@
2]
o
a
IS
Q
o
o}
2
c
©
o}
Qo
[2]
©
~
X
s
S
2
©
£
2
=
(s}
©
z
=
ha
o
c
e
=
©
)
c
@
%]
o
2
S
o
2
©
=
2
©
2
[}
c
82
S
—
RO
©=
L
]
o
2
z
=]
=
>
o
s
<

(0]
(2]
©
o
o
g
(0]
2
=i
(0]
(2]
£
>
T
S
C
(0]
k)
Q
(]
(0]
c
(0]
[0
o]
(0]
>
©
e
>
(0]
€
w
2
o
o
=
(0]
Q
<
Q.
[0
©
()]
[e]
o
>
Z
(0]
€
(o]
w
©
C
©
-
[0]
=
©
[T
(0]
Qo
(0]
o]
=
[e]
c
C
(]
o
2
(0]
>
(0]
2
o
~
=
C
£
=
@
=
c
(o]
S
(]
=
[$]
(0]
Q.
P
(o]
C
=
[0]
(7]
(0]
o
>
Z
-
[0]
L
£
(o]
e)
C
©
&
o
>
=
(2]
()]
=
©
©
(0]
~
)
-
©
(0]
o
o]
©
o
(o]
2
&
e
£
()]
C
K]
(0]
£
)
£
=)
2
(o]
(0]
T
£
[e]
<!

o
<}
2
>
Ie!
=
=]
©
=
]
L
c
Qo
7
&2
o
>
[
=
=
©
)
=
<}
<
=
>
®©
©
=
s
[2]
®©
c
e
=
©
o
o)
>
o
§)
=
=
b
o
c
e
7
&2
o
>
=
c
=
S
©
=
=
©
[2]
]

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO SCIENTIFIC UNDERSTANDING 72

century depopulation of the Americas is exemplary in this regard (see Sidebar 5.1). Spanish conquistadors
reported large Indian populations throughout the Americas, but within 100 years these populations were reduced
by two-thirds or more in Middle and South America as new diseases and sociopolitical orders were introduced
from Europe and Africa. Not only is this event, which has received considerable research attention by
geographers (Denevan, 1992), significant for historical demography and epidemiological history, it also has
significant implications for understanding contemporary land cover change, a central issue in global change
research.

Human impacts on the Earth have become sufficiently apparent and worrisome in the past few decades that
the science of human-environment relationships has become a high priority concern across disciplinary and
national lines. Witness, for instance, the rise of the Intergovernmental Panel on Climate Change, the
International Geosphere-Biosphere Programme, and the Human Dimensions of Global Environmental Change
Programme. Geography is contributing signifi

SIDEBAR 5.1 PRE-HISPANIC POPULATIONS AND THEIR COLLAPSE

The collapse of pre-Hispanic native populations in the Americas is not seriously disputed, nor is its
primary cause: introduced infectious diseases (Cook and Lovell, 1992). Yet some 400 years later the size
of the Native American population during the contact period and the scale and trajectory of its collapse
remain two of the most controversial issues in American demographic history. This controversy is perhaps
most pronounced for the Basin of Mexico (now greater Mexico City). Eve-of-conquest population estimates
for the basin range between 1 million and 3 million. Some 100 years later, only 70,000 to 350,000 Native
Americans remained—a minimal loss of 65 percent of the original population.

Geographer Thomas Whitmore (1992) utilized a human-ecological simulation model to test various
hypotheses for the size of the pre-Hispanic population and the trajectory of its collapse. The model
accounted for demographic changes in age structure, mortality, fertility, and migration caused by introduced
diseases, food shortages, homicide, and other factors; agricultural changes caused by excess mortality and
ill health; and disease changes, that is, how individual epidemics affected human health and mortality.
Exogenous forcing functions, such as extreme or poor weather, homicide, and labor withdrawal, were also
addressed. The model was calibrated by using accepted or conservative estimates for parameter values
and was fine tuned using sensitivity tests.

Three historical population reconstructions were simulated for the basin, ranging from mild to severe
depopulation. The simulations supported "moderate" depopulation, in which a 1519 basin population of 1.6
million was reduced in a series of steplike catastrophes to about 180,000 in 1610—a 90 percent loss, with
80 percent of the loss occurring in the first 50 years. The simulations suggest that the most important factor
in depopulation was short-term increases in mortality caused by disease. Other factors, such as homicide,
were overwhelmed in importance by the virulence of new diseases in a population with no or little
immunities.
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cantly to agenda setting and research in these initiatives (Townshend, 1992; Henderson-Sellers, 1995; Turner et
al., 1995).

Example: The Distinctiveness of Place

As noted in Chapter 3, one of the characteristic perspectives of geography is that place matters. In other
words, where something takes place affects what takes place because of the mediating effects of local conditions.
Geographers' concern with place leads them to explore not only the particular characteristics of individual places
but also the processes by which humans divide up or appropriate portions of the Earth's surface for various
purposes. As such, geographers direct attention to human territoriality, defined by Sack (1981, p. 55) as "the
attempt to affect, influence, or control actions and interactions (of people, things, and relationships) by asserting
and attempting to enforce control over a specific geographical area." Geographers are interested in human
territoriality because the divisions of the Earth's surface reflect and shape the ways in which people think about
the places where they live, as well as their decisions and actions.

It is impossible to understand human history fully, or past and present human actions, without reference to
territoriality. Rather than simply asking questions about what happens in a given territorial unit, geographers
consider how and why that unit came into being in the first place, and its history of development (Earle et al.,
1996). Geographers have addressed a wide variety of issues related to territoriality, including disjunctions
between political territories and environmental regions, ways in which territorial constructs affect ethnic
relations, and the uses of territorial strategies to achieve social ends (Demko and Wood, 1994).

Geographic research on the distinctiveness of place addresses a range of economic, political, and social
issues such as industrial agglomeration and regional economic development, the role of place-based political
identities, places as foci for personal and societal opportunities or constraints, and the cultural meaning of the
environment in which people live (see Sidebar 5.2). Research along these lines is shaping the way that place is
conceptualized across the social sciences. For example, after a long history of asserting that geographic clusters
of prosperity are temporary aberrations, economists now recognize that the evolving characteristics of places
make such inequalities the rule rather than the exception (Arthur, 1988; Krugman, 1991). Geographers have gone
beyond economic mechanisms to examine the role of political and social processes in constructing local
"governance structures" that promote economic dynamism (Storper and Walker, 1989). This research attempts to
make sense of evolving but persistent geographic inequalities in economic prosperity at all spatial scales.

Most studies of political preferences in modern states assume that differences are products of social
cleavages along class, religious, or demographic lines. This assumption relegates place to a minor role in the
political arena; to the extent that place-based identities and influences are considered at all, they are
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treated as anachronisms that have resisted the general trend toward the nationalization of political life. That is,
where people live is thought to be of minor importance. Geographic research, however, has established the
importance of "the fluid, constantly reworked local political cultures of particular places" (Agnew, 1992, p. 68),
demonstrating the continued importance of the experience of place in the political process.

SIDEBAR 5.2 THE RISE OF SILICON VALLEY

Geography's attention to place is exemplified by research on the extraordinary economic success of
Silicon Valley. This success reflects the coming together of economic, political, and social processes in a
place, creating new conditions that reinforce but may eventually undermine economic success (Hall and
Markusen, 1985; Scott, 1988a; Saxenian, 1994).

Silicon Valley had appropriate preconditions for high-technology industry, showing the importance of
certain local conditions as a trigger for agglomeration. Yet at the same time these conditions did not
predetermine the success of Silicon Valley because they could be found in a number of other places.
Geographers have demonstrated how the growth of industrial districts in new locations such as Silicon
Valley and southern California reflects the rise of new industrial sectors with new economic and labor
requirements and, in some cases, a desire to develop their activities at some distance from locations
associated with more traditional modes of production (Storper and Walker, 1989). A combination of
competition and cooperation accelerated technological change and secured market niches for selected
firms.

In places like Silicon Valley, there is a mutually reinforcing feedback between place characteristics and
economic activities. This feedback reflects economic interdependencies and political interventions in
supporting economic growth and demonstrates how agglomeration generates increasing returns, which
create economic dynamism. Silicon Valley is an example of a new and distinctive combination of economic,
political, and social activities, now developing in just a few places, with broader ramifications for many other
locations (Scott, 1988b, c).

Certain conditions in Silicon Valley may eventually lead to an undermining of economic growth. These
conditions include high labor costs, which are inducing the relocation of low-wage, less skilled employment
to Southeast Asia and some skilled software development work to India and China. These conditions also
include congestion, environmental pollution, and even poverty and reinforced social inequality between
higher-paid salaried employees and lower-skilled wage workers (Saxenian, 1994). In addition, the
decentralized organizational structure of Silicon Valley may also hinder longer-term economic prosperity
because it encourages excessive competition, hypermobility of skilled labor, and industrial fragmentation
(Florida and Kenney, 1990).

The questions of how places adjust their local conditions to retain economic dynamism and who in
those places benefits from this dynamism are issues of continuing research, for both those concerned with
the geographic organization of economic activities within the United States and those concerned with
reinforcing the competitive edge of the United States in the world economy.
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Similarly, geographic work has highlighted the importance of place in the formation of cultural and social
identities and experiences. In this late-twentieth-century world, as Americans struggle to address the tensions and
celebrate the richness of human differences—of ethnicity, race, nationality, gender, and generation—a focus on
the ways that ideas about place serve to divide people but also to connect them can offer new visions for personal
and social values (Agnew, 1987).

Geographers have also challenged the tendency of much social science research to treat the environment in
which people live merely as a passive byproduct of history. They have argued that the material characteristics of
the environments in which people live reflect and influence personal, social, and environmental understandings.
As the social sciences begin to take more seriously the role of symbols and images in human affairs, geography's
concern with the social dimensions of landscapes has taken on new relevance and visibility. Geographers have
done a great deal of research to uncover the political/social meanings, influences, and conflicts embedded in
landscapes (e.g., see Cosgrove and Daniels, 1988; Anderson and Gale, 1992) and representations of landscapes
(e.g., Harley, 1990; Pickles, 1995b).

By focusing on the tangible environments where people live and work, geographic research is part of a
growing thrust within the social sciences to understand the importance of everyday life in social change (e.g.,
Giddens, 1985). At the same time, geographers are affecting the direction of that thrust by linking human ideas
and actions to the settings in which they are embedded.

Geography's Relevance to Issues for Science and Society

Geographic research addressing integration in place has put the discipline at the frontier of experimentation
with integration as a challenge for science. Geography's experience with integration in place also has been
fruitful in providing insights to issues of interest to science at large, as illustrated by the following examples of
complexity and nonlinearity and central tendency and variation. Geographic research on integration in place is
also important to scientific understanding of important societal issues. Three examples are given below—on
economic health, ecosystem change, and conflict and cooperation—to illustrate this importance.

Example: Complexity and Nonlinearity

Places are natural laboratories for the study of complexity because places exhibit a wide array of
interlocking processes and activities, as well as interconnections with other places. Nonlinear growth and decline
also are found locally in part because introduced processes or activities may not encounter well-developed
moderating influences. Geographers have examined the complex and nonlinear systems of places to better
understand how and why places change. Historical
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research on the evolution of the American urban system, for example, illustrates the evolutionary nature of
human settlement systems. This research shows that early settlement patterns can create "path dependencies" for
the future evolution of settlement systems. It also shows how economic restructuring, such as the shift from
mercantilism to industrial capitalism, can create "bifurcation" of settlement systems with new nodes of growth in
some regions and dissipation of growth in others (Borchert, 1967, 1987; Conzen, 1975; Dunn, 1980; Pred, 1981).
Theoretical research has identified how the complexity of spatial economic dynamics reflects disequilibrating
contradictions and social conflicts, resulting in periodic attempts by the private sector and the state to overcome
emerging conflicts and crises through spatial restructuring (Harvey, 1982; Sheppard and Barnes, 1990).

Geographers have applied systems theory to help understand the complex interactions between nature and
society that are caused by natural hazards, including multiple adjustments and attendant feedbacks (Cutter,
1993). Geographers have also examined the mechanisms of ecosystem stability and change, especially human
and other agents of short-and long-term ecosystem change (Zimmerer, 1994). Ideas about chaotic behavior or
catastrophic events within places, additionally, have contributed to research on growth within and among cities
(Allen and Sanglier, 1979; Dendrinos, 1992). These studies illustrate geographers' contributions to a more
fundamental understanding of environmental and social systems in ways that should engage ecologists,
engineers, mathematicians, physicists, and other members of the scientific community.

Other geographic research has been directed toward the identification and description of patterns that may
have emerged from nonlinear, complex, or chaotic dynamics. Fractal dimensions, in particular, have been used to
simplify and represent the outcomes of nonlinear, chaotic, or complex dynamics (Goodchild and Mark, 1987).
Urban settings (Batty and Longley, 1994) as well as satellite and map images (Malanson et al., 1990) have been
usefully analyzed and characterized with fractals.

Example: Central Tendency and Variation

Interactions in space and with nature tend to result in certain spatial and environmental regularities, leading
to the study of expected outcomes, or central tendencies, across geography's domains of interest (Chorley and
Haggett, 1967). Geographers have recognized, however, that observable geometries in the social and physical
worlds are dynamic in their nature and multidimensional in their explanation. Certain geographic patterns reflect
efficiency (as in economic production systems), but only under rather narrowly defined conditions that are
subject to change (such as the time or cost of travel) and to inherent variability. Together, change and inherent
variability often influence the observed variation, which can take the form of unsystematic departures from
central tendency, changes to the central tendency itself, or alterations in the variance structure. Changes in
variation can signal shifts from one system state to another; therefore, variation cannot be
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ignored without deleterious or sometimes catastrophic consequences. Geographic research into the nature of
change and variability, as well as into central tendency, has revealed much about the dynamics of places
(Dendrinos, 1992). As in other sciences, geographers also have recognized that variation and central tendency
are usually interdependent and cannot be evaluated or understood separately.

Example: Economic and Social Health

A geographic perspective recognizes that economic changes can create or exacerbate economic imbalances
across places, whether or not the economic system overall is trending toward or away from equilibrium. A
particular concern of geographers is the implications of economic change for different groups in society within a
place, especially for groups distinguished by class, gender, and race. Related issues include the composition of
the work force as rooted in social forces and potentials for cooperation versus conflict (see Sidebar 5.3).

Geographers have examined high-technology centers to evaluate their potential as models for regional
growth in other areas (see Sidebar 5.2). They have noted that locational considerations are different for
innovation centers than for other industrial activities such as branch plants (e.g., high skill levels are especially
important for innovation centers). Since labor is less mobile than capital, regional growth related to technological
change is likely to follow existing patterns of labor skills, which increases the challenges for areas that do not
now have competitive skill levels (Malecki, 1991).

Example: Environmental Change

Scientific concerns about environmental change have increased markedly in the past few decades.
Geographers have made important contributions to the understanding of such changes through their research on
human-induced climate change, ecosystem dynamics and biodiversity, and earth surface processes.

For example, human populations are increasingly concentrated in urban and suburban regions. Land
surfaces in these areas, in turn, are being transformed into highly unnatural mosaics, mosaics often dominated by
interconnected and impervious patches of buildings and transportation networks. With the transformation of rural
landscapes into suburban and urban landscapes comes dramatic changes in local and regional climates (see
Sidebar 5.4). Urban heating and drying, for example, have been measured and simulated by geographers for
decades (e.g., Terjung and O'Rourke, 1980; Arnfield, 1982; Grimmond and Oke, 1995). Geographers' research
not only has brought to light climatic consequences of urbanization, but their models have begun to provide a
means for assessing the potential climatic impacts of future urbanization.

Another focus of environmental change research involves reconstructing recent disturbance patterns and
ecosystem processes in forest, shrubland, and desert communities through careful fieldwork and historical
analyses (see Sidebar 5.5).
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SIDEBAR 5.3 Civil Unrest in Los Angeles

On April 29-30, 1992, thousands of Los Angeles residents engaged in Jooting,
arson, and othar violenca withln concentrated areas in the city's south-central
section, following the announcement of a not-guilty verdict in the jury trial of city
police officers accused of using excessiva forca In the arrest of an African American
miotorist. Gualling the vialance and fighting fires required 22,700 police officers,
firefighters, National Guard troops, and other U.S. military personnel. More than
16,000 people were arrested, more than 2,300 wera injured, and 43 poople diad.
Proparty damage was estimaled at $750 million to 1 billion.

Wark by Johnson and colleagues (Johnson et al, 1392) suggests that this civil
unrest was the result of a confluence of several economic, social, and political
changes—soma International, some national, and some local—that sel the slage
for & social “explosion,” given the appropriate provocation, Local changes in the
economic base, related 1o the high level of plant closings In central Los Angeles
and Increasaed employer options within the larger matropolitan area (see Figure
5.1), combined with intemational migration, causad dramatic changes In the area's
cultural, ethnic, and socioeconomic composition {see Figure 5.2). These changes
helghtened Iocal social Instability and fension.

LOS ANGELES
COUNTY

Dominant
Ethnic/Racial
Group

2R white

I Lating

PLANT CLOSIMGS L/ | Black

{7} Job loss over 1000 W _ B272 asian

O Job loss under 1000 \ Bl vixed
Boice US Covmin 1000

= s S |

FIGURE 5.1  Plant closings in Los Angeles County from 1978 o 1982, Source;
Johnson et al. (1952),
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Geographers also are addressing ecosystem disturbance and change over longer time scales through analysis
of lake sediments from a variety of ecosystems (Horn, 1993; Liu and Fearn, 1993; Whitlock, 1993). The pooling
of paleoenvironmental datasets over large regions has allowed geographers to map species ranges and ecosystem
boundaries for selected times during the past 2 million years (Wright et al., 1993). These maps document the
biotic response to past global changes and also provide a means of evaluating models of the Earth's climate
system.

One of the most pressing issues for global and regional environmental change is ecosystem change,
including the loss of biodiversity (USGCRP, 1994). Geogra

SIDEBAR 5.4 URBAN CLIMATOLOGY

Urbanization dramatically alters the land surface and converts preurban local or regional climates into
distinctively "urban climates." Probably the best known and most intensively studied urban-climatic feature
is the "urban heat island," although considerable attention has also been directed toward the effects of
urbanization on precipitation, humidity, wind, and the air quality regimes of cities. Using integrated
programs of fieldwork and numerical modeling, geographers have been at the forefront of assessing urban
influences (especially the effects of urban surface materials and morphology) on local and regional climates
(Oke, 1987). Research by geographers also is beginning to suggest that extensive land surface changes
associated with urban-and suburbanization occurring worldwide may be contributing to global climate
change.

Sue Grimmond and Tim Oke have been particularly effective at integrating in-the-field measurement
programs with the numerical modeling of urban climates (Grimmond and Oke, 1995; Grimmond et al.,
1996). Making and evaluating heat and moisture flux observations, as well as compiling surface character
databases, their research teams have examined a number of North American cities, including Los Angeles,
Chicago, Miami, Vancouver, Sacramento, Tucson, and Mexico City. Not only have they documented the
considerable variability that exists both within and between cities, but their analyses show that daily
patterns of the fluxes and the timing of the peaks are remarkably similar among the cities. Their
measurements further indicate that evapotranspiration is even higher than expected in many residential
areas, owing to the irrigation of planted vegetation. Evapotranspiration in other parts of the city tends to be
quite low, as available energy mostly warms the urban fabric.

Grimmond and colleagues have also been able to use geographic information systems (GISs) to help
synthesize land surface information, field measurements, and model simulations (Grimmond and Souch,
1994). Their innovative approaches are revealing the often elusive source regions of the heat and moisture
fluxes (e.g., evapotranspiration), as well as the character of the land cover in those source regions (see
Plate 6). Although others have investigated source regions, Grimmond and colleagues are identifying and
quantifying them more precisely than ever before and in turn are clarifying the spatial and temporal
relationships between urbanization and attendant climate change. Their results have the potential to help
isolate the influences of built environments on global climate change.
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phy has a long tradition of studying landscapes, particularly the impacts of physical and human processes on
landscapes and their ecosystems. For example, geographers study the distributions of plant and animal species
and how these distributions are shaped by local and regional environmental conditions—including human activity
—and by human-influenced migration and selection (Sauer, 1988). Geography also has a long tradition of
studying the spatial patterning and

SIDEBAR 5.5 Disturbance Regimes
Along Environmental Gradients

Research by geocgrapher Tom Veblen and colleagues (Veblen and Lorenz,
1988; Veblen et al., 1989, 1992) on the eMects of fire on ecosystems of southarn-
mmmammmmammmmm&
natural and anthropagenic disturbances. Veblan and collsagues have recon-
structed the spatial and temporal variations In fire frequency and size along a
transect from lemperate rainforest 1o steppe In northern Patagonia (see Figure
5.3). They collected data on fires in the region by using tree-ring data for the
period 1722-1881 and natlonal park records for 19381988 (Kitzberger and others,
unpublished). Fire history data were collected for several vegetation types and
mpmmm»wmamwwmmwmm

Over the entire period examined (1722-1991), there was a general spatial
trend ol increasing fire frequency from the weslern rainforests lo the moderately
dry (but stil forested) central sector, followed by a decrease at the limit of tree
growth al the steppe. Maximum fire frequencies in the Intarmediate portions of the
transect coincided with an optimal combination of adequate moisiure availability
far the development of forest cover and sufficiently dry springs and summers lor
fuel desiccatian,

Human impacts an fire regimes were highly differentiated according 1o position
along the transect. In the dry vegetation types there was a substantial increase
In fire frequency In the mid-1800s associated with the immigration of Indians from
Chile. Aboriginal eceupation of the mesic forests was sparse, in contrast, and hars
fires ara infrequent until white setlement in the 1890s. The most dramalic incraasas
In fire frequancies ase within the mesic forests that European colonists burned
exiensively in falled attempls 1o establish cattle pastures. Afier the 1520s, fire
frequencies declined in both wat and dry vegelation types, reflecting the initiation
of fire suppression throughout the transect and, in the steppes, the cessation of
Indian-sel fires for

Mmmhmgmmw with position along the transect
(Kitzbargar and othars, unpublished). Fire in wet forests is strongly favored by
relatively short droughts during spring and summer; even shart dry periods are
sufficient 1o dry out the bamboo understory and provide fuel. In dry vegetation
types, fires comalate not with shorl-tarm droughts but with one- to two-year perinds
of drier-than-average conditions—especially after wet perlods that enhance fuel

mmmmmmmwummm
mhmwmmmmummmh
disturbances to explain vegetation pafterns at the landscape scale.

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true
use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

[}
]
3
E
[0
o
©
]
X
®
[}
o
0
()
(o))
©
o
@
o
©=
()]
£
&=
=
(O]
[72]
[}
[oN
>
Z
T
£
=
2
(@]
[}
z
£
IS
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
IS
(]
o
£
©
]
o
®
[
o
o
2]
O
=
—
s
<
IS
(]
o
£
©
(]
[72]
o
Q.
€
(]
[&]
[}
o
[
[}
[0}
Keo]
2]
©
°
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
Q.
[}
Qo
I
=
=2
©
2
[]
[
@
Ny
'_
o)
=
L.
a
o
@
ey
=
=
>
o
Q
<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO SCIENTIFIC UNDERSTANDING

82

@
‘E 2.0 1
i i\ ! l bhio
Il | |
R
e (W
@ T ey - r— —— r—= L]
@ 0.0 T i 1 T i
!—
B0
Western Sector
40
20 -
T lL._.l_,_
9
E W Central Sector
m
e 40 -
—_
<1
T 2
Q
(]
= t
60 -
Easlern Seclor
40
! 20 - l | I
0 rl,.n_l-Li. ¥ . |
1800 30 &0 80 1920 50
Year
FIGURE 5.3  Perceniage of arens burned by five-year periods along a tran-
sect from Andeon rainforests (western sector) throngh mesic forests (central
sector) o xeric woodlands (eastern sector) and a drought-sensitive tree-

ring chronology reflecting regional climatic variations in northem Patagonia,
Source; Veblen et al. (1992).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO SCIENTIFIC UNDERSTANDING 83

human and nonhuman determinants of biodiversity within both "natural" and agricultural landscapes. This
tradition predates recent concerns about biodiversity loss.

An important focus of recent geographic work has been spatial variations in the nature, recurrence, and
biotic consequences of human and natural disturbances such as fires, treefalls, forest clearance, and floods (Vale,
1982). This research provides essential knowledge for devising systems to preserve biodiversity at local,
regional, and global scales (Baker, 1989a; Young, 1992; Medley, 1993; Savage, 1993).

In their focus on Earth surface processes, geographers are paying increased attention to the nature of change
itself, and the transitions between different change states. There also is increasing interest in the flows of energy
and mass through and across the Earth surface system as an avenue to understanding the underlying structure of
environmental change. Geographic investigations explore such changes on time scales ranging from less than a
single year to hundreds of thousands of years.

At time scales of decades to centuries, geographic work is concerned mainly with documenting changes in
Earth surface systems and assessing underlying causes. One focus of geographic research, for example, involves
the reconstruction of historical dimensions of glaciers through photographs and surveys in order to assess
regional climate change (e.g., Chambers et al., 1991). Another important focus of geographic work at these time
scales concerns the effects of human settlement on river systems—for example, the work of Kesel et al. (1992)
on the effects of human settlement on the sediment load of the Mississippi River; several decades of work by
M.G. Wolman and his students on the effects of urbanization on water and sediment runoff to rivers; work
beginning with Grove Karl Gilbert on the impacts of mining on river systems (see also James, 1989; Mossa and
Autin, 1996); work by T. Dunne and other geographers (e.g., Abrahams et al., 1995) on land-use changes in
developing countries on slope and stream processes (see Sidebar 5.6); and work by Trimble et al. (1987) on the
effects of revegetation on river dynamics.

At time scales of 10,000 to 100,000 years, another concern of geographic research has been understanding
connections between climatic changes and the Earth's physical response, such as the effects of orbital changes on
the amount of effective solar radiation received at the Earth's surface (Cervany, 1991). These so-called Orbital or
Milankovitch changes have been used to explain periodic "floods" of icebergs in the northern Atlantic and other
ocean surface responses (Broecker, 1994), and terrestrial changes in climate as recorded by rock varnish (Liu and
Dorn, 1996). Evidence for terrestrial climate change has been documented from such diverse sources as wind-
deposited silts (loess) on the Great Plains (Feng et al., 1994), lake fluctuations in the Great Basin (Currey, 1994),
and glacial moraines in the Sierra Nevada (Scuderi, 1987).
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SIDEBAR 5.6 Land Use and Soil Erosion

Soll erosion and sadiment deposition are essential landscape-shaping pro-
cesses that become particularly important to human occupants of a place when
they reduce the productivity of agricultural lands or decrease the capacity of reser-
wiolrs built for hydroslectric power generation. Geographer Carol Harden has studied
soil eroskon in inhabited watersheds of Morth, Central, and South America; how
and where it occurs, how it affects and is affected by farming families, and how
the eroded soll movas through the landscape to be carred away by rivers o trapped
In reservoirs. Harden uses a porfable rainfall simulator to repeatedly produce small
(15-cm-diameter) "rainstorms” at many differant locations. During each 30-min
“rain” exparimant, she measuras tha amount and rate of the “rain,” observies
whether waler is absorbed by the soll or becomes runofl, and collects and measures
tha runoff and eroded sediment. Repeating these expermants across different
solls and land uses, she has demonstrated that soll erosion is more spatialyy
complax than efton portrayed and that basin-wide soil lass s strongly impacted
by two classes of land use that are routinely ignored in watershed modefs: “aban-
doned” land and roads and tralls.

In a detailed swdy In the 5,185-km® Paute watershed in highland Ecuador,
Harden (1991, 1996} found that abandoned or fallow lields had significantly higher
runalf coefficients than either cultivated fields with mature crops or bare fiekds that
had recently been plowed (see Figure 5.4a). Sediment detachment was alsa high
(Figura 5.4b), while soil carbon (reflecting organic content) was very low [Figure
5.4c). Harden attributes these patterns to the fact that, while these abandoned/
fallow lands in highland Ecuadar are abandoned from a managameant point of view,
they ara still used by local people, who view them as common property, Unregulated
prazing of domastc animals reduces vegetation cover and compacts the soll,
resufting in high runofi coefficients.

Maisture stress resulting from low precipitation and rapid runol! lurther Impedas
vegetation recovery, leading fo accelerated erogion and a devastating cycie of
positive feedback that further degrades both soil and vegetation. Harden's work
showad that abandonadfallow lands, which are often regardad as having no land
use, are key to understanding and modeling soll ercsion In inhabited landscapes
and must be included in studies relating land use 1o soil erosion,

Furiner rainfall simulation expariments, companng paired road (path} 1o off-
trail sites in Ecuador, Costa Fica, and the Unfled States, revealed thal roads
and footpaths are a second category of land use whose erosional contributions
are exiremely important but Inadeguately assessed by traditional modeling
approaches, which weight land cover types by their area. Harden's research dem-
onstrates that roads and footpaths are the most active runoff-ganerating compo-
nants of many tropical and temperate landscapes (Harden, 1992; Wallin and
Harden, 1996}, producing runcll earlier than other surfaces in the same raln event,
generating runoff under rainfall thal is oo fight to vield runoff elsewhere and
effectively extending the drainage netwark. Although roads and footpaths ocoupy
orly & very small propartion {<1%) of the Earth’s surface, Harden's work argues
that they profoundly atlect geomorphic/erosional processes and therefore must be
incorporated info hydrologee and sail erosion models.
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Example: Conflict and Cooperation

In any effort to understand how individuals and groups relate to one another, context is fundamental.
Geography's concerns with the integration of phenomena in place and the positioning of one place with respect
to others are key to an understanding of context; they focus attention on the importance of such matters as
resources, land use, and the distribution and movements of peoples. Geographic work highlights the connections
between social forces and the material and spatial circumstances in which they are embedded.

For example, geographers have shown how conflicts over water have affected everything from territorial
disputes in the Middle East (Kliot, 1994) to gender relations in West Africa (Carney, 1993; Schroeder, 1993).
Research into the so-called urban underclass has shown how the geographic concentration of minority
populations is contributing to their alienation as a result of discrimination and suburban exclusion in the housing
market, suburbanization of well-paid jobs, inadequate financing of education in central cities, and the out-
migration of better-off ethnic minorities who have gained access to suburban housing markets (e.g., Jackson,
1987).

Studies along these lines contribute to larger efforts to understand the nature of social and ethnic conflicts.
They point to the necessity of moving beyond sociological analysis to understand how the material and spatial
attributes of specific places affect the formation and interaction of social and ethnic groups. Such studies provide
insights into connections and relationships that matter in the ongoing interdisciplinary effort to better understand
the forces shaping conflict and cooperation.

INTERDEPENDENCIES BETWEEN PLACES

In many ways, geography is a science of flows. It sees the world not as a static mosaic of spatial units but as
an ever-changing tapestry of landscapes, movements, and interactions. As noted in Chapter 3, geographers
recognize that "place" is defined in part by the movement of peoples, goods, and ideas from other locations.

Geography's Subject Matter

Studies of interdependencies between places are well represented in geography's literatures. For example,
for more than a generation, geography has been a leader in improving quantitative models that help to explain,
predict, and optimize spatial interactions. Contemporary work in this field seeks to incorporate behavioral
dimensions of spatial interaction and to capitalize on advances in spatial econometrics. Although there has been
heated debate over the meaning
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of mathematical formulations of such models, their continued widespread application is testimony to their
usefulness in many practical situations.

Contributions by geographers to our understanding of the interdependencies between places are illustrated
by studies of spatial economic flows, human migration, and watershed dynamics, as illustrated in the following
subsections.

Example: Spatial Economic Flows

Following the basic work of Wilson (1974) and others, geographers have researched the movement of
people, commodities, and capital and the spatial choice patterns of consumers in relation to alternative service
sites. This research addresses spatial interactions of individuals at the microlevel and interregional flows at the
macrolevel.

At the microlevel, geographers have observed that patterns of spatial interaction differ by socioeconomic
class and gender (Hanson, 1986), affected by such characteristics as income, family responsibilities and
geographic relationships within an extended family, and the experience and expectations of the individual and of
those with whom the individual interacts. To the extent that these effects can be modeled and generalized, they
help geographers understand the operation of local labor markets, shopping patterns, and information diffusion.
An interdisciplinary body of research by geographers, economists, and sociologists has indeed shown that one of
the most persistent empirical correlates of commodity and population flows is distance, even in situations where
standard economic and sociological variables perform inconsistently. Geographers argue, however, that distance
itself is not a datum but a social construction whose influence changes with shifts in the barriers between, and
communication technologies linking, different places.

Data on interactions among places (e.g., population migration, technological diffusion, and commercial
trade) are less commonly available than data on analogous characteristics in individual places. The problem is
compounded by the multiple geographic scales at which interactions occur. For example, case-study, survey-
based data suggest that trade between states in the United States has probably been increasing over the past two
decades, yet more is known about each state's international trade than about its trade with other parts of the
country. Figure 5.5 shows purchases and sales of selected Washington State firms with other regions of the
United States. Although spatial patterns of sales and purchases vary significantly from state to state, there is a
symmetry of states' sales to and purchases from interstate regions, despite the different nature of goods imported
and exported from a given state. Correlation coefficients for state firms' sales and purchases by region are on the
order of 0.7 and are highly significant (Beyers, 1983).

Modeling of spatial interaction data is at the heart of geographic analysis. The expansion method of
generating models that embed temporal or spatial shifts
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Figure 5.5 Purchases and sales of a sample of Washington State firms from (top) and to (bottom) other regions of

the United States.
Source: After Beyers (1983).
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in key parameters allow researchers to uncover greater specificity of spatial relationships. This method has
gained widespread use in geographic analysis, from its introduction into the literature (Casetti, 1972) to its use in
a range of applications and interpretations (Jones and Casetti, 1992). Research by geographers and regional
scientists has shown how to derive spatial interaction models based on either traditional information theory or
optimal decision making theory. This theoretical work has been extended to analysis of the interaction between
consumers and suppliers of services. Spatial interaction simulations can pose "what if" questions about retail
patterns and behavior similar to the questions about the flows of goods among states. Much of the literature in
relatively new academic journals such as Geographical Systems; Location Science; and Computers,
Environments, and Urban Systems contains illustrations of such models.

Example: Human Migration

Decisions to relocate are among the more important decisions made by households, with far-reaching
implications for the links between places. Conceptualization of the search and selection process by Wolpert
(1965) and Brown and Moore (1971) has been formalized in a model of decision making and housing search
under uncertainty (Smith et al., 1979). This model incorporates both preferences and expectations of relocation
decisions and provides important insights into household searches within the residential environment.

Recent work on modeling of migration and mobility seeks to address the dynamic nature of the process and
the way in which decisions to move are related to age, family composition, and economic circumstances (Clark,
1992; Clark et al., 1994). For example, one of the strongest microlevel determinants of whether individuals are
likely to move is age or stage in the life cycle (see Sidebar 5.7). During the 1970s, all of these influences were
evidenced as the extremely large baby boom cohort (people born from 1946 to 1964) passed through the peak
mobility ages (ages 20-34).

Few social science variables can be confidently forecasted far into the future. Barring major calamities,
however, the inexorability of the aging process makes future age composition one of the best independent
variables for population forecasting applications. As geographers learn more about these demographic influences
on migration, population analysts should become better able to inform public policy at both national and local
scales.

Example: Watershed Dynamics

Through their research, physical geographers have demonstrated the importance of interdependencies
between places on understanding the environment. A major contribution to research on river ecosystems, for
instance, has been the
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recognition and analysis by geographers of spatial connections and long-distance impacts. Although spatial
analysis of river behavior began in the 1940s, a thorough understanding of the geography of processes has
emerged only recently. Until the mid-1970s, many natural science disciplines addressed the workings of
individual ecosystem components and their connections to adjacent components. The description and analysis of
riparian habitats critical to desirable or endangered species, for example, involved a focus on local dynamics of
vegetation, soil, and water. Similarly, the behavior of rivers was understood in terms of the hydraulics and
mechanics of the materials at a given location. This focus on analytic approaches improved scientific
understanding of local processes, but it was less successful in predicting externally induced changes in these
environments.

SIDEBAR 5.7 Impacts on Interregional Population Movements

Racent geographic research on shifts in regional age composition has exposad
some of the undarying reasons lor changes in U.S. mobility and broad-scals
patterns of interregional population movement, such as the large frostbelt to sunbelt
streams of net population exchange during the 1870s. Using Ideas similar 1o
Easterlin's (e.g., Easlerlin, 1880) on how the sizes of successive generations
influance levels of fertility In & society, Plane and Rogerson (1991} Investigatad
the age-specific gecgraphic mobility of young adulls ages 20 to 24 from 1848 1o
1887 as a function of that age group’s overall shara of the U5, population (sea
Figura 5.6). They observed an inverse relationship between maobility and cohort

¥y = 24 TT8x « E00.290, R-squerad: .804

——o——“}‘“\u

Motsdity Flate {Per Thousand)

g8 B5 7 1. BS 9 5.5

5
% Populabion 20-24

FIGURE 5.6 The mobility rate of young adults ages 20 o 24 as a function
of that group’s overall share of the U.S. population. The data points on the
figure represent three-year moving averages. The filled circle is the averuge for
the period 1985-1987, the latest data available av the tme the research was
completed, There are gaps in the data between 1971 and 1975 and 1976 1o
1980, Source: Plane and Rogerson (1991).
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siz@, which thay supgest is the result of the differant economic and sociological fates
that await individuals from generations of ditferent sizes as they age in an economy
that favors economic growth through what |s known as “spread effects.” In labor and
housing markets, stffer compatition faces individuals from larga cohorls, making them
less likely to move, When thera are large numbers of labor force entrants, wage levels
are pushed down and fewer good jobs ara avallable, thus reducing economicincentives
1o move, Whan many pacpla first entar housing markets, additional units must be
supplied and pricas rise.

Tha relationship shown In Figure 56 (s strikingly similar 1o the boom-and-bust
cycle of mobility discussed by Plane {1993; see Figure 5.7). In this cycle, mobility
lags slightly behind eohor slza during succassive ganarations, tracing a “figura elght”
path an the graph.

Mability
rate af e,
young adult O, A _ _
population Bust generation = L\'\E‘OG"” generation
aged 2024 S \*
| - Sy
L g
— | —
& 10

Young adult percentage of the population
(% population aged 20-24)

FIGURE 5.7 Expected mobility rate of the young adult population (ages 20-24)
ns a function of that cohort’s size relative to the rest of the population, Boom cycles
describe periods when there is a large increass in young people: bust cycles describe
periods when there are decressing numbers of young people, Source: Plane (1993),

Beginning in the mid-1970s, physical geographers (and scientists in other disciplines who use geographic
perspectives) adopted a more holistic view that emphasized spatial patterns, connections, and long-distance
impacts. Riparian habitats were seen to respond to changes in the watershed upstream, as well as to local
dynamics. For example, William Baker (1989b), Jacob Bendix (1994), and George Malanson (1993) have shown
that the composition and dynamics of riparian forests depend both on local conditions and on the location of
forests in the stream network and the distant areas that contribute water and nutrients. Similarly, analysis of the
movement of pollutants in watersheds to the Chesapeake Bay and other East Coast estuaries showed how our
understanding of estuarine
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environmental quality could be enhanced through analysis of events in the upstream watersheds (Marcus and
Kearney, 1991). Using theoretical constructs from this work, the U.S. Environmental Protection Agency (EPA)
has developed more effective monitoring and remedial measures to control contamination from runoff into these
estuaries.

Geomorphology has also become more concerned with the spatial perspective, and geomorphic systems
analysis has been expanded to incorporate location and spatial connections for measuring and mapping physical
forces and stresses, hydraulic resistance, and sediment yields. The result has been greater effectiveness in
predicting environmental changes at critical locations—for instance, at a salmon spawning area in a river—based
on system-wide changes that are connected in space by slopes and channel networks. As a consequence,
geomorphology became more useful to society: geomorphologists now participate in U.S. Department of
Agriculture field units, EPA investigations of bridge sites and other civil works, planning for geomorphic hazard
mitigation, evaluations of critical habitats, and efforts to stabilize public lands.

Relevance to Issues for Science and Society

Spatial interdependence is an issue of great importance in a wide range of sciences, from physics and
astronomy to climatology and geopolitics. Geography's perspectives on this phenomenon have contributed to our
understanding of several issues of interest to science generally, including complexity and nonlinearity and
relationships between form and function, as illustrated by the following examples. Geography's concern with
spatial interdependence is also directly relevant to the base of scientific knowledge related to critical issues for
society—as shown by subsequent examples on conflict and cooperation and human health.

Example: Complexity and Nonlinearity

A distinctive contribution of geographic research to the theory and modeling of complex systems (Pines,
1986) is the recognition that changing patterns of interactions between places can be a significant source of
complexity. This observation has been made by other scientists as well (Farmer, 1990), but it has received little
attention as yet in the social sciences, spatial demographics being an exception. In this field, researchers are
beginning to consider migration as a dynamic rather than a static phenomenon, and they are treating spatial
demographics as a nonlinear dynamic system of the kind now popularized in chaos and complexity theory.
Researchers recognize that behavior depends not only on the rules governing individual migration decisions but
also on the locational configuration of interacting populations (Haag and Dendrinos, 1983; Sheppard, 1985).

This research has established three conceptual insights that have relevance
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to geography and science at large: (1) the stability of any spatial system depends on the nature of the spatial
interactions in that system; (2) knowledge of the geographic configuration of a system is significant to
understanding its dynamic behavior; and (3) spatial systems with dynamic interactions may exhibit properties of
path dependence, considerable sensitivity to initial conditions and external perturbations, and unpredictability
over relatively short time horizons.

While these insights can be linked directly to recent arguments in complexity theory, they reflect long-
standing concerns in human geography, where there has been continuing criticism of the equilibrium orientation
of the theories developed in the 1960s to account for the location of economic activities and settlement systems.
Allen Pred's detailed historical research on the evolution of the U.S. urban system (Pred, 1977, 1981), for
example, anticipated these conceptual insights, demonstrating how initial advantage, cumulative causation, and
interdependencies between cities shaped the system. This demonstrated in practice the ideas of increasing returns
and agglomeration that Paul Krugman (1991) has attempted to draw to the attention of economists. Pred's work,
together with that of a number of other geographers (cf. Harvey, 1982; Massey, 1984; Scott, 1988a, b; Storper
and Walker, 1989; Markusen et al., 1991), has shown how spatial economic processes introduce instability and
dynamic complexity, but also path dependence and inertia, into the evolution of any existing economic system.

Geographers have also demonstrated theoretically that spatial dynamics limit the generality of standard
economic theories, whether of a neoclassical or political-economic persuasion. They have shown that spatial
economies may be highly unstable, that standard theses about specialization and trade and perfect competition
may become problematic, and that the free flow of capital between regions need not result in an equalization of
profit rates or of access to capital (Webber, 1987; Sheppard and Barnes, 1990). Others have used the conceptual
insights associated with nonlinear dynamics to describe more broadly the evolutionary dynamics of settlement
systems (Allen and Sanglier, 1979; Dendrinos, 1992).

Similar debates are emerging in research at the microlevel of individual spatial decision making, where
standard theories again are dominated by models of spatial equilibrium. For example, recent research into
theories of spatial price equilibrium suggests that, in realistic spatial systems, any price equilibrium is at best
locally quasi-stable, because some firms are locationally disadvantaged relative to others and because consumers
change their pricing decisions in response to price differences (Sheppard et al., 1992). Furthermore, even quite
small disturbances from this equilibrium may result in a complex and persistent disequilibrium dynamic of price
fluctuation and price "wars."

Example: Form and Function

Another theme of geographic research has been that interactions in space tend to result in—and in turn are
affected by—certain regularities in spatial
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pattern, and geographers have contributed substantially to the multidisciplinary literatures on this phenomenon,
particularly as it relates to location theory. One impetus for this research was the observation that a given spatial
pattern can result from very different processes—suggesting that function cannot be inferred directly from such
patterns.

Just as other disciplines such as physics, astronomy, and biology see patterns as both a reflection of
nonrandom processes and an influence on them, geography observes and tries to understand patterns in human
settlement and natural landscapes. In part, no doubt, the interest in patterns relates to geography's characteristic
use of maps and other graphic displays of information in seeking understanding.

Just as in the case of models of spatial interaction, however, geographers have learned that observable
geometries in the social and physical worlds are dynamic in their nature and multidimensional in their
explanation. Thus, geographers recognize that in order to understand such dynamic processes it is important to
observe them in both time and space. This has stimulated efforts to develop tools for dynamic multidimensional
visualization as one way to explore these complex geometries (Dorling and Openshaw, 1992). Geography's
curiosity about patterns has stimulated leading scholars to examine patterns in time as well as space and, in turn,
how the two kinds of patterns are related (see Sidebar 5.8).

Example: Conflict and Cooperation

Conflicts are rarely confined to one place. They are influenced by developments in other regions, and their
effects are usually widely felt. In the ongoing

SIDEBAR 5.8 LONG-WAVE RHYTHMS IN TRANSNATIONAL URBAN MIGRATION

Comprehensive studies of consistencies of pattern and rhythm in economic and political history have
shown that a variety of data and their change over time are consistent with "Kondratiev waves" of growth
rates, prices, and associated political stresses. Essentially, the explanation is that new technoeconomic
systems exhibit a life cycle from innovation to peak activity to replacement and that the expansion and
decline of such systems, in succession, stimulate rises and falls in price inflation and other economic forces.

Geographers have shown that such long-wave rhythms can affect spatial flows as well. For example,
geographer Brian Berry has shown that global urban growth from 1830 to 1980 displays long-wave
rhythmic behavior (Berry, 1991; Berry et al., 1994). By compiling urban growth and migration data for this
period, Berry was able to show that the rhythmic behavior was related in part to surges and sags in
transnational urban migration; during the same period, domestic rural-to-urban migration exhibited
noncyclical trends. This analysis indicated that long-wave historical patterns of economic development
have affected spatial patterns of urban growth and that such development has "successively ratcheted
global urban growth to new levels of interdependency” (Berry, 1991).
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effort to understand the forces of conflict, there is a critical need to consider the relationships among and
between places: which places are implicated in particular conflicts and how those conflicts affect different
regions and territories. Geography's long-standing concern with identifying, mapping, and analyzing spatial
structures and flows speaks to this need. It is manifest, for example, in geopolitical studies that seek to
understand how views of territory emanating from different places shape conflict, in studies that explore
changing patterns of contact and communication, and in studies that focus on the movement of peoples.

A few examples show the importance of considering such matters in research on conflict and cooperation.
Working within the geopolitical tradition, Saul Cohen (1991) has shown how changes in strategic understandings
following the demise of the Cold War order have transformed strategic areas of competition—shatter-belts—into
gateway regions that link formerly separated territories. Studies in the geography of communication and
information have shown how new patterns of connectivity can influence conflict and cooperation (Brunn and
Leinbach, 1991). Geographic work on refugees provides direct evidence of the interconnectedness of place,
highlighting how flows of people destabilize political regimes and challenge fundamental notions of citizenship
and community (Wood, 1994).

Example: Human Health

One of the best illustrations of spatial interdependence can be found in geographic research addressing the
spread of infectious diseases. The spread of such diseases is a highly spatial process that can often be understood
and predicted by using spatial modeling techniques (see Sidebar 5.9). Research by geographers on the spread of
infectious diseases incorporates many of geography's perspectives related to location, synthesis, and scale.

INTERDEPENDENCIES AMONG SCALES

It is impossible to talk about place without reference to scale, and it is impossible to talk about
interdependencies between places without considering a variety of different scales. From the earliest times of
theory development, geography has been deeply concerned with interdependencies among scales, from global to
local. This body of experience is highly relevant for basic and applied science. Relationships between microscale
and macroscale phenomena and processes are receiving research attention in many fields of science and are
central to knowledge-based questions about such societal concerns as global change.

Attention to interdependencies among scales enables geographers to avoid at least two types of errors. First,
the nature of a given phenomenon or process is obscured when it is viewed at the wrong spatial scale. For
example, inaccurate or incomplete understandings of local processes and dynamics can result from inferring
relationships at one scale based on data collected at another—inferring
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SIDEBAR 5.9 Commuting Flows and AIDS

Aecent research shows that acquired immune deficiency syndrame (AIDS)
Infection rates in the Mew York metropolitan region can be predicled by using
measures of “commuting intansity” (Gould and Wallaca, 1994). Commuter flows
and spatially varable socigeconamic conditions In this reglon act to channel trans-
mission of human immunodaficlancy virus (HIV). The spraad of AIDS in the region
can ba modeled by considering 24 spafial units—boroughs and counties in the
reglon—as the rows and columns of a maltrix, whose elemenis are (he averaga
number of daily commuters from each area to all others, From this 24 =« 24
“commuter malrix” describing dally flows, & probability matrix (Le., a stochastic
matrix describing a Markov procass) Is constructad by dividing the flow elemants
by thelr row sumns. The elements of the elganvaator of this matrx provide a measura
of commuting intensity that is hypothasized to be related to the probability of an
Infected individual infecting anothar individual,

For gach of the three years 1984, 1887, and 1990, the commuter accessibility
Index predicts AIDS rates with & correlation cosfficient (1 of 0.B5 1o 0.92 (see
Figure 5.8), In other words, the human siructure of the space—rather than tho
simple geegraphic space of the traditional map—appears to quida the spraad of
HIY and its subsequent appearanca as AlDS,
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FIGURE 58 Scatterplol of log AIDS infection rate against log commuting
index for the New York metropolitan area for the years 1984, 1987, and 1992,
The best-fitting regression lines and the correlation coefficients for eoch year
also are shown, Source: Gould and Wallace {1994),
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subnational trends based on national data (Sidebar 5.8). Second, inadequate attention to scale can result in
serious misinterpretations of cause and effect. For instance, an exclusive focus on local scales can lead to
explanations in terms of local causes, even when controlling processes occur at regional or global scales (cf.
Sidebar 5.10). Likewise, a focus on regional scales of analysis can conceal problems that exist at the local level.
Infant mortality rates are exceedingly high in many local areas in U.S. cities, for example, but appear to have
fairly uniformly low rates when viewed at the regional level, as is commonly done. Tracing such connections
from scale to scale—in particular, examining the importance of processes that operate at intermediate or
"mesoscales"—is a significant contribution of geographic scholarship to science.

Relevance to Issues for Science and Society

Across the spectrum of sciences, and increasingly a major focus of geography, is the linkage between
macroscale and microscale processes—that is, how phenomena at different time and space scales interact in
surprising, disjunctive, and unpredictable ways. Biologists struggle to understand linkages between molecules,
cells, and organisms; ecologists between patches, ecosystems, and biomes; and economists between firms,
industries, and economies. In these efforts, variants of at least three questions persist: Is behavior of the
macrounit of study reducible to the aggregate of microunits? What is universal across scale and what is particular
to the scale of analysis? How do agency and structure interact at different scales? Nowhere are these questions
more pressing than in the great interdisciplinary questions of origin, organization, and change—in particles, in
life, in societies, or in the cosmos.

By not assuming that macroscales are simply aggregates of microscale events and by focusing on mesoscale
phenomena to tease out the linkages, geographers help inform our understanding of scale-dependent processes in
such diverse science fields as landscape ecology, regional economics, or epidemiology (see, e.g., Sidebars 5.5
and 5.10). In major integrated studies such as those on global change, geographers actively pursue links between
global change and local places, enhancing understanding of both scales (e.g., Wilbanks, 1994). Scale
relationships are important for scientific understanding of important societal issues such as population and
resources, environmental change, economic health, and conflict and cooperation, as shown in the following
sections.

Example: Population and Resources

Perhaps no topic evokes more emotion in global change studies than the ultimate human causes of
environmental change—the subject of an extended scholarly and public debate. Population and resource use
figures prominently in this debate; the "well-known" IPAT identity, representing how environmental

Copyright © National Academy of Sciences. All rights reserved.
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SIDEBAR 5.10 The Importance of Regional Disaggregation

Do national trends acourately poriray regional economic activity T Neot according
1o recent work by geographers who have modeled the reglonal economy of the
midwastarn United States by tha Reglonal Economics Applications Laboratory of
the University of llinols and the Fedaral Resarve Bank of Chicago. They show
that the Chicago economy restructured at a faster pace than tha nation as a whale,
Although employment nationally in manufacturing remained refativaly flat (around
18 million] from 1870 10 1880, manufacturing employment in the Chicago region
declined by almost 50 percant. Output in manufacturing in the Chicago region in
constant prices in 1990 was approximately the same &5 it was in 1870, howsver,
suggesting a 44 parcent Increase in manufacturing-labor productivity in this period.
No doubt some of this productivity increasae was due to resiructuring of the manufac-
turing base in the city, a5 labor-intensive industry was replaced by more diversified
and less labor-intensive activities. Chicago led the nation in productivity gains in
all but two years in the early 1880, and it matched or exceeded the productivity
gains for Japan in 1982—1988 (see Figure 5.9),

Thi import-axport structure of tha reglon alao changed in the 1870s and 1980s,
The metropalitan economy became much less dependent on itself as a source of
supplias or 85 a market. To take the analysis to ancther geagraphic scale, the
Chicago region became even more integrated with the rest of the Midwast. For
example, its import of steel from Indiana in 1993 ($2.4 billon) was twica the size
of all llinais exports to Maxica,

1560 |

140

120

Thousands of dollars par worker
in eonstant 1982 dollars

&0

i 1

R L I 1
1970 1972 1974 1576 107R 10RO 1982 1984 1986 1588
Year

FIGURE 5.9 Manufacturing productivity changes for Chicago and the United
States (19659-1988) and Japan (1982~ 1988). Source: Unpublished graph from
the Regional Economics Applications Laboratory, University of [linois, Chi-
cago (1995).
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impact (I) is a consequence of self-reinforcing interdependencies among population (P), affluence (A), and
technology (T), is sometimes identified as the controlling process in environmental change, in part because the
PAT variables tend to show the strongest associations with atmospheric carbon dioxide and forest and
agricultural land cover changes. However, local case studies by geographers often point to a large range of more
"socially nuanced" factors as the principal triggers of human actions that give rise to trace gas emission,
deforestation, and increased cultivation (Meyer and Turner, 1992; Kasperson et al., 1995).

Where global change is concerned, for example, it is clear that some forcing functions operate at a global
scale: greenhouse gas composition in the atmosphere and related changes in global climate systems, global
financial systems and patterns of control, and movements of technology and information. It is equally clear that
most of the individual decisions that underlie economic activities, resource use, and population dynamics are
made at local scales. In other words, global processes have impacts on local places, but local actions are the
foundations for global trends (Kates, 1995).

Critical questions for science in understanding global change include (1) clarifying the scale(s) at which
change should be observed and analyzed and (2) tracing linkages between processes that operate at macro- and
microscales. Tracing these connections from scale to scale is a significant contribution to science by geographic
scholarship (Blaikie and Brookfield, 1987; Roberts and Emel, 1992; Meyer and Turner, 1994).

Beyond global change per se, geography seeks to identify dynamics between scales for various kinds of
resource use and development questions (e.g., Zimmerer, 1991; Bassett and Crummey, 1993; Emel and Roberts,
1995). A particular interest has been in the effects of multinational economic and political structures on regions
and localities in developing countries (Watts, 1983; Carney, 1993), especially in areas where ecologies are
delicately balanced (see Sidebar 5.11), but similar conditions have been observed in the United States as well
(Pulido, 1996).

Example: Environmental Change

The scale of operations plays an important role in deciphering connections among climatic systems. Many
of the recent advances in research into global climate change have emphasized the global scale, and the
connections among components of the global climate system are now much better understood than they were just
a few years ago. From the standpoint of human experience, however, climate is much like politics: it is local.
Making the process connection between the now better-understood global circulation patterns and the critical
effects they have on small areas (drainage basins of a few hundred square kilometers, for example) has been
elusive. Part of the problem is related to computing power and technology, which is stretched to the limit in the
simulation of global processes—it is simply not feasible to model local climates in global
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simulations. What is needed is a set of theories that provides rules for connecting a changing global geography of
mass and energy with local outcomes.

SIDEBAR 5.11 FOOD AND FAMINE IN THE SAHEL

Climate change and markets operate globally through hierarchical systems over which farmer, herder,
or district manager have minimal influence. The environmental and social problems these land managers
encounter are often well beyond their immediate control, although they may take the blame for the
outcomes that follow (Blaikie and Brookfield, 1987). The drought-prone Sahelian region of West Africa is a
case in point. People in this region suffer from periodic food crises and, on occasion, widespread and
devastating starvation. In the early 1970s the entire region was in the grips of severe famine, and
throughout the 1980s, despite foreign aid support, food insecurity was endemic. The Sahel came to be
seen as a so-called basket case, a region of structurally induced hunger, declining food output per capita,
and a high degree of famine proneness. Insofar as the semiarid tropics are characterized by drought and
unreliable rainfall, the Sahelian famine proved something of a test case for understanding the complex
relationships between environmental perturbations and catastrophic collapse of food entitlements resulting
in mass starvation.

Geographers have reconstructed the history of food crises in the Sahel region, focusing on the
dynamics among processes at different geographic scales and the way that these dynamics affect
particular places, groups, and classes. This research employed a variety of oral and archival historical
sources in combination with ethnographic analysis of social and environmental processes at the community
level. For the Sokoto Caliphate (1806-1902) and the colonial and postcolonial periods of north-central
Nigeria, for example, the work demonstrated how the integration of peasants into regional and global
markets often rendered them increasingly vulnerable to drought-induced harvest failure (Watts, 1983).
Famine was not simply the product of colonialism. Rather, market changes exposed some sections of
society to the combined volatilities of weather and world markets.

Farmers were in some sense cognitively and practically prepared for variability in rainfall, implementing
a standard farm plan every year by orchestrating soil quality, seed varieties, and water conservation
practices in relation to the actual distribution of rainfall events. This indigenous practice revealed the
capacity of local people to experiment with local resources and to respond to weather variability. However,
almost one-third of all rural households were not self-sufficient in food even in normal years. This group of
households was especially vulnerable to weather variations and seasonal fluctuations in grain prices. In
periods of severe drought, many poor households were forced to liquidate their assets systematically,
sometimes resulting in the sale of land and permanent out-migration in search of money, work, and food.
Famines thereby intensified existing patterns of social inequality and risk, further polarizing already
differentiated communities.

In ecosystems there is a nested hierarchy of scales so that relatively simple localized assemblages of life
forms and their related physical and chemical systems aggregate into larger, ever more complicated associations.
Different explanations apply to the behavior and arrangement of the systems at different
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scales. A riparian forest, for example, adjusts to changes in flooding, groundwater levels, and nutrient loadings in
the water and soil. These adjustments are measurable and meaningful within just a few meters in the vertical
dimension. At the opposite end of the scale, in biomes—or subcontinental assemblages of ecosystems—these
local driving mechanisms are meaningless, and the most useful explanations lie almost completely in the
climatological realm. Within a given biome, distributions may be explained best by geologic and landform
variables. Successful scientific explanations therefore must start with selecting the controlling variable that is
most closely associated in scale terms with the object of study.

Management of environmental change also has important scale considerations. Watershed management in
the United States provides an instructive example. Throughout the twentieth century, watershed management has
progressively become a federal responsibility. However, the result of national management was a scale mismatch
because there are no basins that are truly national in size. Local interests, including resource developers, water
and power users, conservationists, and preservationists, have felt isolated from the decision making process that
directly affected them and their watersheds. In the latter part of the century, more localized decision making is
becoming common. In Massachusetts, for example, the state coordinates watershed associations organized along
drainage basin boundaries. These administrative entities bring together the stakeholders in basins of a few
hundred square kilometers to reach compromise solutions in management questions. In the Pacific Northwest,
watershed councils of federal, state, local, and tribal representatives operate within basin boundaries to address
such problems as balancing economic development and preservation of salmon, objectives that rely on the same
watershed resources. The most effective scale for governmental administration of watersheds remains an open
question, but the EPA, the U.S. Bureau of Reclamation, the Tennessee Valley Authority, and several other
agencies are supporting a National Research Council study of the issue” with the ultimate goal of better matching
the scales of natural and administrative process.

Example: Economic Health

The economic health of a locality, region, or nation depends on the interaction of processes that operate at
many different scales—ranging from global capital flows to local labor markets. Geographers have long been
interested in this interplay of global, regional, and local processes—for example, those between global economic
forces and local social forces.

Research on economic inequality has revealed that patterns of growth and

2 The study, which is being undertaken by the Water Sciences and Technology Board, is entitled New Perspectives in
Watershed Management.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO SCIENTIFIC UNDERSTANDING 102

decline are not uniform across nations, regions, or cities. "Third-world inequality" includes rapidly growing
small countries, oil-rich countries, and large countries, which seem incapable of breaking out of real poverty.
Much like the fractal images of mathematics, extremes of poverty replicate themselves at spatial scales ranging
from the global to the neighborhood, implying an irreducible spatial complexity to social irregularity. The
heterogeneity across spatial scales reflects variations in political, institutional, and social characteristics and
adaptations among places. It also reflects complex processes linking very different scales. Thus, international
capital flows link inner-city sweat shops that manufacture clothing in both third-world and first-world economies
with affluent and far-flung suburbs and "edge cities" of metropolitan regions.

Differences in economic paths between countries and regions are shaped by differences within those places
and also by their differing situations within larger-scale economic and political processes. Within metropolitan
areas in many industrialized countries, for instance, suburbanization during the past 25 years has included not
only residential development but also the complete range of economic, political, and social activities, with two
glaring exceptions: the poorest and least educated households (see Sidebar 5.3) and the highest-order service
activities often most directly connected with the global economy. This "spatial mismatch" between the work
experience of many inner-city residents and the employment opportunities available nearby has been studied in
some detail by geographers and sociologists, including its relationships to processes and policies at regional and
national scales.

Example: Conflict and Cooperation

The interest of geographers in scale-related issues involving the connectivity of places is timely because the
roles of nation states and localities are undergoing profound change. Developments from both "above" and
"below" are challenging the autonomy and power of the state. Internationalization of the economy, development
of transport and communications linkages across international boundaries, and growth of substate nationalism
and regionalism have pushed scale-related issues of regional formation and interregional interactions to the fore.
Although states continue to play powerful roles in many arenas, such issues cannot adequately be addressed
using the conventional construct of the state as a discrete analytical unit independent of cross-scale dynamics.

Conflict and cooperation is a good example of a scale-dependent issue that has received recent attention
from geographers. Through analyses that look beyond the scale of the state, geographers have contributed to our
understanding of the influence of the global economy on local political developments (Taylor, 1993); the nature
and importance of cross-border cooperation for the management of social, political, and economic issues
(Murphy, 1993); the impacts of global economic restructuring on patterns of interaction (Dicken, 1992); and the
influence
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of different social, cultural, and political boundaries on human relatedness (Lewis, 1991).

THE TRIAD REPRESENTATIONAL FRAMEWORK

OBJECT-BASED REPRESENTATION
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Figure 5.10

A spatiotemporal framework in which object-based representations, location-based representations, and time-based
representations are treated as complementary approaches to representation of space-time phenomena. This
framework is currently applied to design a spatiotemporal data structure that supports research and policy analysis
associated with issues of forest succession and management. This integrated view of location, object, and time
extends the ability of GISs as a framework for synthesis by considering time (and change) directly, rather than as
simply an attribute of space.

Source: After Peuquet (1994).

SPATIAL REPRESENTATION

Many of the substantive contributions by geography to science are rooted in spatial representation. The
relevance of geographic research in advancing representational theory and representational tools used throughout
science is clear from the widespread interest in GISs and geographic information analysis, but
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the potential for contribution is far broader. The use of spatial representation as a way to facilitate creative
thinking, especially related to nonlinear dynamics, has increased rapidly in the past two decades with the
growing decentralized use of computer graphic technologies. Similarly, the use of methods and tools for spatial
representation is fundamental to geographic synthesis. GISs, in particular, act as a framework through which
information from disparate sources can be integrated and linked to mathematical models and to visual display.
Spatial representation has become part of the everyday research experiences of a great many scientists.

Much of the recent geographic research on spatial representation is focused on finding better ways to
represent the dynamics of the "real world," for example, by extending fundamental concepts of spatial
representation into the temporal domain. Key questions addressed by this research include the following:

1. What is a "feature" or an "entity" in space-time, and how should these features be classified and
coded in digital representation? The development of digital Spatial Data Transfer Standards, a
component of the National Information Infrastructure, promises a classification effort with
implications for science that rival those of the Linnaean classification in biology.

2. What is the best approach for creating space-time data structures that have a built-in capacity to
handle change (in characteristics of spatial or temporal

Figure 5.11

Two of Philip Gersmehl's (1990) nine "metaphors" for map animation. These metaphors
provide conceptual models that map animation designers can use as a basis for building
dynamic representations of spatial-temporal processes. The "stage and play" metaphor
treats a map as a base (or stage) on which action plays out in the form of moving
objects and territories particularly suited to representation of human spatial behavior
associated with migration or war. The "metamorphosis" metaphor was based on the
concept of a flexible dynamic object that changes shape over time; it is particularly
suited to representation of processes in which area features change size and shape, such
as desertification, growth of cities, or the spread of an oil spill.
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entities as well as in what constitutes an entity) and the flexibility to support spatial, attribute, and
temporal queries; links to process models; and dynamic geographic visualization (GVis) (see
Figure 5.10)?

3. Can generalization, spatial filtering, and other geographic "operators" currently applied to spatial
data be adapted to space-time data, or is a fundamentally different approach to geographic operators
needed?

4. What are the appropriate conceptual models and associated design principles for dynamic display of
spatiotemporal data (see Figure 5.11)?

SIDEBAR 5.12 REPRESENTING RELIABILITY OF GEOGRAPHIC INFORMATION

Spatial data support a broad range of research and policy decisions; thus, issues of spatial data
reliability (i.e., the quality of spatial data) are central. The National Center for Geographic Information and
Analysis, supported by the National Science Foundation, plays a major role in setting the national research
agenda through a research initiative (Beard and Buttenfield, 1991) and research challenge on
"Visualization of Data Quality" (Buttenfield and Beard, 1994). The winning project in this challenge
integrated principles of GVis and exploratory data analysis in the design of an interactive interface for data
analysis. The interface allows analysts to monitor spatial and temporal trends in dissolved inorganic
nitrogen (DIN) in the Chesapeake Bay as well as to consider spatial variation in the reliability of DIN
estimates (see Plate 6).

An alternative to treating reliability as an attribute of data (that can be mapped) is to approach the
problem as a question of selecting among a range of possible representations. The more these
representations differ, the less reliable any one of them is as the model of reality. An intriguing example of
reliability representation that adopts this perspective was developed for application with remotely sensed
images. These images result from classification of electromagnetic signals for grid cells (called pixels) that
represent square patches of the Earth's surface. The classification procedure involves determining the
likelihood that the Earth area represented by the pixel is in each of several possible categories (e.g.,
vegetation types).

Traditional classified images represent only the most likely category for each pixel (even when the
signal processed for that pixel makes classification ambiguous). Multiple images can be used to convey the
range of "possible" alternatives to this "best guess." The procedure developed is based on using the fuzzy
class memberships (derived through the pixel classification process) as parameters of an error model. The
error model generates possible versions of the "truth" (i.e., a version that might result from interpretation by
one geographer, soil scientist, or ecologist; see Plate 7). An important assumption in implementing the error
model is that the outcomes of neighboring pixels are correlated (i.e., that locations near one another are
likely to be similar). In Plate 7, the extent of intrapixel correlation is controlled to produce the four
realizations. As the size of this spatial dependence parameter increases, the size of inclusions (i.e.,
alternative vegetation categories within a region having an otherwise common classification) on the map
increases as well (from upper left to lower right in the figure).
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SIDEBAR 5.13 Future Geographies

Environmental and sociatal change will inevitably produca new patterns on the
land (Le., future gecgraphies) associated with unforesean problams and opportuni-
ties, Such patterns, problems, and opportunities may ba quite diffarent from today's.
A test of geography's new relevance will be its ability 1o help anticipate, plan for,
and improve the fulure,

Advance warning of the probable magnitude and spatial extent of catastrophic
floods is a case in point. Raliable forecasts of the timing, magnitude, and duration
of the floods that occurred in the U.S. Midwest in 1993, in Arizona in 1994, and
in parts ol southam California in 1995 would have snhanced preparadness and
saved money and lives. Flood charactaristics are quite complest. Thay rasult not
anly from heavy precipitation events but from antecedant soll maisture and land
surface conditions as well, Often, human modifications of the land also are impor-
tant. Changas in weathar patterns that might accompany climate variability or
change make forecasting large ficods particularly problematic.

Accurate forecasts of such future geographies are not currently possible, Prelim-
inary efforts to anticipate catastrophic fioods by Hirschboeck (1991) and colleagues
at the Univarsity ol Arizona, hawever, are promising. Thay llustrate how evaluations
of atmospheric circulation anomalies, in conjunction with assessments of land
surlace conditions, can improve forecasting skills signfficantly, They also show
that statistical considerations of rainfall and stream discharge obsarvations alona
ara Insufficient 1o reliably forecast truly large floods. New approaches based on
climatic and geographic analyses are suggested and llustrated by showing how
the 1483 flood in the U.S. midwest and the winter 15954 flood in Arizona could
have been anticipated. In addition to both episodic and persistent behaviors in
atmospherie circulation regimes, including masoscale anomaly pattams, basin-
wide soll saturation stemming from pérsistent circulation patierns is one of several
observable factors (e.g., see Figure 5.12).

Geographars have also attempted to forecast global food resourcas (potantial
grain yield) under several plausible climate change scenarios (8.9, Rosenzweig
et al, 1895). Basad on three global climate models, thelr results suggest that
possible future climates (with twice the current levels of carbon diaxide in the
almosphere) will cause decreases in global lood production, although the geogra-
phy of tha changas will ba tneven (see Plate 8). With major adaptations in agricul-
tural practices ai the farm level, estimated decreases in productivity should be
reduced, but global productivity still will be balow tha current lavel. Although thesa
future scenarios are imprecise, even about the timing of such changes, they are
amaong the first steps necessary to develop meaningful forecasts of our future world.

Neary two decades ago geographers wera addressing the guestion of whether
the potential biomass productivity of the Earth could be estimated (Terung et al.,
1876). Although such an estimate obviously depends partly on the advance of
technology. even with optimistic astimates of tachnalogical changs, various analy-
ses have suggested that the Earth might ba able to support only about 4.5 billion
poopla on a high-protain diet (the U.S. Bureau of the Cansus estimated the 1984
world population 1o be about 5.6 billion people). This was not intended as a final
anawar to tha quastion, but it indicates tha sariocusness of future-orented research
on issues related to sustainable devalopment.
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A simple but dramatic synthesis of research directed to these four questions is a video developed by
geographers at the U.S. Geological Survey. In the video, topographic maps, satellite imagery, land-use maps, and
digital terrain models are linked in a dynamic depiction of urbanization in the San Francisco Bay Area between
1850 and 1990 (see Plate 9). The same representational tools are currently being linked to a prototype urban
growth model so that analysts can investigate what human occupance of the bay area might look like in 200 years.

Geographic research contributions to the science of spatial representation include work on the classification
of geographic entities and visual representations of data reliability (see Sidebar 5.12). Geographers are also
linking cognitive and digital representations of space—for example, as part of an interdisciplinary effort to
understand the interaction between human spatial cognition and way finding. One component of this research
focuses on visually impaired populations (Golledge, 1991), work that has implications for the guidance of
robotic vehicles. Additional basic research has addressed such issues as scale effects in spatial cognition, ways in
which orientation and direction information is handled in memory, development of configurational (i.e.,
maplike) understanding, and the ability of visually impaired people to use configurational knowledge to
determine shortcuts or take detours around obstructions.

REFLECTIONS ON GEOGRAPHY'S CONTRIBUTIONS TO SCIENCE

By way of example, this chapter has illustrated how geography's perspectives and techniques contribute to
understanding key issues in science and strengthen what science offers to the resolution of critical societal
problems. The potential for further contributions is significant. For instance, a powerful tool for integrating a
variety of dynamic processes to anticipate possible futures is the description of "future geographies"—maps of
evolving patterns of change, related to real places and the concerns of those who live there (see Sidebar 5.13).

If geography is to increase its contributions to scientific understanding, however, both geography and the
other sciences need to develop more productive partnerships that combine their unique perspectives and
approaches to problem solving. Geography itself needs to be engaged more often in research activities that
embrace and pursue broader contributions to science, at least partly by showing a greater concern for critical
research problem definition by the larger research community. The family of sciences, in turn, needs to be better
informed about geography and how its perspectives can contribute to scientific understanding. Both of these
priorities call for increased interactions between geographers and their counterparts in other sciences: increases
in quantity, quality, diversity, and orientation to critical issues.
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6

Geography's Contributions to Decision Making

Geography's long-standing concern with the evolving spatial organization and material character of the
Earth's surface is of great relevance to decision makers in business and government. Whether the issue at hand is
the location of a new public facility or the development of a stream restoration project, decision makers must
consider such geographic matters as location, the relationship between processes at different scales, and the
changing character of particular environments and landscapes. As such, geographic expertise can be of great
importance in helping organizations and individuals operate more efficiently and make better-informed decisions.

Geographers contribute to policy and decision making in a variety of ways (Wilbanks, 1985). One
contribution is through the publication of research findings in professional journals and other open-literature
outlets. These insights usually influence decisions indirectly. Scholarly publications tend to influence society's
general "climate of understanding" about issues, and society's opinions are transmitted to decision makers
through a variety of channels (Weiss, 1977). Although most geographers believe that published research is more
valuable before decisions are made, it is often more visibly used in justifying decisions made on other grounds,
at least in public policy making (Wilbanks and Lee, 1985). One area of contribution in geography, incidentally,
has been in understanding how geographic circumstances fundamentally influence decisions made by public
policy makers (e.g., Clark, 1985; Murphy, 1989; Wolch and Dear, 1993).

A second kind of contribution is through reports produced for specific users. Particular problems and
questions are posed—usually involving the application

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO DECISION MAKING 110

of available knowledge rather than advances at the frontiers—and the answers are delivered on a schedule within
a predetermined budget, in situations where the timing of a contribution is crucial to its impact. Most of these
reports become a part of what has been called a "fugitive literature," seldom peer reviewed (though often
intensely scrutinized) or cited in computer-accessible bibliographic databases, but directly impacting public and
private decision makers. Although such professional work is usually associated with consulting firms and other
nonacademic institutions, it is also a staple of "soft money" research centers in universities. Many leading
geographers have been influential in this way, without always being identified explicitly as geographers.

A third contribution, and often the most powerful, is when geographers become a part of the decision
making process, interacting on a personal, confidential basis with decision makers, drawing on a combination of
formal knowledge, professional judgments, and mutual trust and effective communication. These roles are
seldom reported in the published literature; in fact, the contribution often depends on maintaining confidentiality
and letting others take the credit, with satisfaction derived from seeing the right kinds of policy decisions made.
Many geographers, from Gilbert White and Edward Ackerman to William Garrison, John Borchert, Harold
Mayer, and Brian Berry, have shaped policy in this way, but many of their accomplishments are not reported in
the literature.

The problem for this chapter is reporting how geography contributes to decisions when the most powerful
impacts are often the least documented—and the least documentable. Given the constraints inherent in the
complicated relationship between science and government on the one hand and academia and business on the
other, the committee has tried to emphasize subjects rather than specific impacts, offering a mix of evidence
based mainly on the open literature but also referring in some cases to personal contributions that extend beyond
formal publications. The committee has also tried to highlight issues where it believes geographers should be
contributing to well-informed decisions but, for a variety of reasons, are not now contributing in significant ways.

The next section of this chapter discusses the various decision making "arenas" in which geographers work.
The following sections illustrate geography's contributions at several scales: regional and local, national, and
international.

ARENAS FOR DECISIONS

Geographers and geographic perspectives have found important application in decision making in both the
private and the public sectors. Geographers serve the public sector in many different roles, as government
employees, consultants, private citizens, and volunteers for public advisory boards at levels from local to
international. Private sector companies frequently use geographers and geographic knowledge to make location,
routing, and marketing decisions and for
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the management and analysis of spatial information in support of business decisions and communications at a
variety of scales, from local to international.

The role of geographers in private sector decision making is growing rapidly, with improved technologies
for decentralized geographic information systems (GISs) use and increased access to georeferenced information,
and these roles are becoming strategic as well as operational. A wide range of private companies use geographers
and geographic perspectives in their locational decision making. These include retail marketing chains (e.g.,
Dayton-Hudson, a major retail firm headquartered in Minneapolis), railroads (e.g., Southern Pacific Railroad's
land division), electric power and gas utilities, international import-export firms, transportation and travel service
organizations, publishing firms, and real estate planners and investors.

REGIONAL AND LOCAL DECISIONS

Cattle ranchers in Brazil hire bulldozers to clear tropical rainforest for cattle ranching; farmers in Kenya
build terraces to fight soil erosion on sloping cropland. The first set of decisions leads to environmental
degradation, the second to environmental conservation. Steel mills close in the mature industrial regions of the
developed world; semiconductor production moves to the newly industrializing countries of Malaysia and
Thailand; high-technology firms spring up along the M4 Corridor west of Central London and in Silicon Glen
near Glasgow, Scotland; major centers of retail and office activity known as "edge cities" spring up where major
highway intersections occur beyond the suburbs of the 1970s, while blocks of apartments and townhouse
communities locate close to subway systems, such as the Metro in Washington, D.C. The outcomes of these
regional and local decisions affect the well-being of people, alter the look of the land, and set up new geographic
patterns that affect the next set of location decisions that people make.

At local and regional scales, geographers assist decision makers by providing information and analyses
related to such issues as the management of hazards, management of complex urban systems, and resource
allocation, often wrestling with their overlapping roles as scientists and citizens. In addition, geographers advise
local and regional government agencies about the design of geographic databases and the use of GISs. The
following sections illustrate a range of contributions.

Urban Policy

Cities themselves are functional regions connected with other places by networks of transportation,
communication, finance, and trade. Their internal structures can be distinguished according to such
characteristics as race and ethnicity, housing, business activities, industrial processes, natural resource con

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO DECISION MAKING 112

sumption, and pollution potential. The urban ghetto, for example, is at once the result of social, political,
economic, and geographic processes, and addressing any one or two of these processes alone will not suffice to
improve living conditions (Rose, 1971). Effective urban policy making requires an understanding of these spatial
and functional characteristics, which are strongly geographic in nature (e.g., see Sidebar 6.1).

Metropolitan areas consisting of constellations of cities pose special problems and opportunities for policy
makers owing to their political, industrial, and social complexities. The Los Angeles metropolitan area, for
example, has evolved into industrial agglomerations based in part on high-technology firms that specialize in
production for military applications (Scott, 1993). With the recent declines in defense spending, regional policy
makers have worked to decrease the region's reliance on this sector of industry. Based on geographic analysis of
the region's economic structure and role in the world economy, the Los Angeles County Metropolitan
Transportation Authority and other agencies are developing an advanced ground transportation industry to take
advantage of the region's skilled labor force and manufacturing capabilities.

Cities, of course, are more than built environments. People are their primary components, and significant
inequities exist among city dwellers with respect to the basic necessities of life. Urban policies for the homeless,
for example, show sharply defined geographic components (Dear and Wolch, 1987). Social and economic
polarization, cyclical unemployment, changed housing and investment policies, and government policies for
deinstitutionalizing the mentally ill have contributed to the increase in homelessness. Tolerance for the homeless
tends to decline as distance from the city center increases. Policy makers and volunteers often reinforce the
geography of the problem by concentrating their efforts to reduce homelessness on the central city. The policy
implication is that homelessness, although rooted in the fabric of general society, has become a "city problem,"
and it is in the city that it will have to be resolved.

Water Resources

This nation's water resources are managed through massive public investments. By controlling the supply
and distribution of water, reducing flooding, and offering recreational opportunities, the United States has
created a partly artificial and partly natural hydrologic system that supports economic development, raising the
quality of life for many but also decreasing the quality of life for others.

The diversion of water from rivers for irrigation, industrial uses, and urban water supply reshapes the
character and geographic distribution of water-dependent ecosystems, sometimes eliminating them altogether.
Overdrafts of groundwater supplies have lowered the water table in many areas, particularly in the western
states, further altering surface ecosystems dependent on shallow groundwater.
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SIDEBAR 6.1 Geography and Urban Policy: Housing in
Minneapolis=-5t. Paul

In the fata 19608 urban geographers establishad thal housing submarkets n
Amenican metropalitan areas operate on the basis of geographically defined sectors
{Abler et al., 1871). Mew housing built on the suburban fringe sels In motion waves
of housing vacancies that move inward through these seclors toward the canter of
the city. Households relocate outward as vacancies move inward, In addition, the
oversupply of housing in ona soctor can produce soft markets that lead to neswcomer
concantrations, whike leaving housing markets in other sectors unaffectad.

This research has baen usad by the Metropalitan Council of the Twin Cities 1o
formulate housing policy for the Minneapolis—5t. Paul metropolitan area. The coun-
cfl subdivided tha metropolitan area Into sevaral housing sectors and monitonad
changas in the number of househalds, construction, demalition, and housing prices
in @ach sactor (sea Figure 6.1). The council discoverad that the oversupply of
housing In some sectors, stimulated in part by overly permissive and excessively
penerous development controls and utlity extensions at the suburban edges,
caused ditficulties for cerlain central-city neighborhoods, Adjustments in develop-
ment controls pravided the councll with an improved method lar dealing with the
effects of migration and vacancies in city neighborhoods,

FIGURE 6.1 Housing market sectors in Minneapolis—5St. Paul. Sector bound-
aries are shown by heavy solid lines, and sectors are denoted by capital leticrs
A to N, Source: Adams (15991, p. 113).
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Commonly accepted perspectives on the competition for use of public resources, such as Garrett Hardin's
"tragedy of the commons" (Hardin, 1968), view water resource allocation issues in terms of economics. An
equally valuable perspective is geographic: water resource management problems are problems of geographic
distribution. Consumers of water are concentrated in urban areas or in regions of fertile soil, whereas the water
sources to sustain them are dispersed. New York City, for example, maintains an elaborate system of reservoirs
and water treatment plants that extends more than 600 miles from the city. The Colorado River supports 20
million people, most of whom live far from the river in southern California, eastern Colorado, northern New
Mexico, and central Arizona. Geographers contribute to the successful management of such far-flung systems by
bringing their geographic perspectives to bear on the analysis of regional impacts of water resource decisions
(e.g., see Sidebar 6.2).

The various sectors of American society are unequal consumers of water. In 1990, 48 percent of the total
withdrawals from surface and groundwater supplies went to thermoelectric power generation, 34 percent to
irrigated agriculture, and 7 percent to industry. Only 10 percent of all withdrawals went to the public water
supply—the consumers who are bombarded by conservation messages when shortages occur (Sloggett and
Dickason, 1986). Any national strategies for water conservation will have unequal consequences for various
sectors and parts of the country, as well as locally and regionally.

In water resource management those who benefit are not necessarily those who pay. The federal
government subsidizes western agriculture through irrigation development and eastern industry through flood
control. In the generation of hydroelectric power, populations close to the river that generates the power, or
populations who use the river, sometimes pay significant opportunity costs in terms of alternative uses they must
forgo so the river can generate the electricity that benefits distant consumers. The geographic distribution of who
benefits and who pays offers insights to decision makers who must balance competing social demands with a
limited resource.

Geographers contribute to successful water management by providing data and analyses to help policy
makers reach sound policy decisions. For example, geographer Edward Fernald established the Florida
Resources and Environmental Analysis Center to collect and disseminate information to help solve statewide
problems. The center has prepared state reference atlases, including the Water Resources Atlas of Florida. It also
maintains data on flood-prone areas, inventories the uses of state-owned lands, and assists state and local areas in
applying GIS techniques. California geographers have also produced a water atlas (Kahrl, 1979).

Retail Marketing

The old adage about the three most important factors in retail success—location, location, and location—
still rings true. Location, of course, can refer
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to positioning in terms of price, service, and submarket, as well as to geographic location at national, local, and
site-specific scales (see Figure 6.2). As retailing has become ever more competitive, optimizing the location of
retail outlets has received increased attention from private sector decision makers.

SIDEBAR 6.2 GEOGRAPHY AND MANAGEMENT OF THE COLORADO RIVER IN THE
GRAND CANYON

The flow of the Colorado River in Grand Canyon National Park is controlled by releases of water from
Glen Canyon Dam, a structure governed by a set of policies known as the "Law of the River." This
collection of laws and operating rules specifies that the dam will be operated to deliver particular amounts
of water downstream, generate electrical power, store water upstream, and trap sediment. In Grand
Canyon National Park, which is located downstream from the dam, these operating rules have resulted in
unacceptable erosion of riverside beaches, destruction of habitat for endangered fish, and creation of
hazardous conditions for recreational users of the river.

Research by Schmidt (1990), Bauer and Schmidt (1993), and other geographers showed how
sediments in the river were being exchanged between beaches and deep pools in the river. Under flow
conditions that had occurred naturally before the dam was closed, floods occasionally scoured the pools
and built the beaches. Researchers determined that the dam could be operated to occasionally stimulate
such flows. They further estimated that some sand still entered the Grand Canyon from undammed
tributaries and that there was still enough water flowing through the canyon to distribute this sediment. After
extensive congressional hearings, including testimony by Schmidt and other investigators, Congress
passed the Grand Canyon Protection Act of 1992. This act directed the U.S. Bureau of Reclamation to
operate the dam in a manner that protected downstream resources, including beaches and habitats they
supported.

The Bureau of Reclamation operated the dam experimentally for a year to determine the outcomes of
various policies. In March 1996 the bureau released from the dam a modest flood flow of 45,000 cubic feet
per second for a week. The flow scoured sand from the floors of pools in the canyon and deposited it on
reformed beaches and bars, mimicking natural floods that were common before closure of the dam. The
beaches and bars restored lost habitat for vegetation and fish and stabilized campsites for the 20,000 river
runners who use the canyon each year. The success of the experimental artificial flood suggests that it will
become a once-in-every-five-years feature of the dam's operation in a continuing effort to partially restore
the physical, biological, and chemical integrity of the Grand Canyon ecosystem.

Locating retail and other consumer-oriented facilities is fundamentally a geographic problem, a problem
that has been addressed by geographers in both theory and practice. During the 1960s, geographer David Huff
adapted spatial interaction models for use in retail location decision making (Huff, 1963). His models have been
widely used by retail planners to estimate probabilities of patronage based on the attractiveness (e.g., size,
selection, price) of an outlet
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and its location relative to possible markets and existing competitors. These models depict individual behavior as
probabilistic, and they depict trade areas as overlapping and competitive rather than discrete and monopolistic
(Haynes and Fotheringham, 1984). The models also have great flexibility, allowing the analyst to set the number
of locations or criteria such as maximum distance to consumers or maximum capital costs.

]
]
1
|
1
4

MARKET SELECTION

[]':I —1— AREAL ANALYSIS

——— SITE EVALUATION

Figure 6.2 The success of a retail outlet depends to a large degree on its geographic location at national, regional,
and local scales. All three scales must be considered in locational decision making.
Source: Ghosh and McLafferty (1987).

Location-allocation models allow decision makers to optimize the location of all kinds of consumer-
oriented facilities, public and private: stores, shopping centers, health care facilities, and schools. As retailing has
become increasingly dominated by chains, the use of these models has become commonplace (Ghosh and
McLafferty, 1987).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO DECISION MAKING 117

Dispute Resolution in the Courts

If it is true that geographic perspectives are important in developing policies, it is also true that such
perspectives are important in defending or challenging such policies in court. Geographers frequently serve as
expert witnesses in court cases where the legality of policies is tested. They have addressed residential
segregation in cities for the U.S. Commission on Civil Rights; dealt with federal land management and
environmental damage on Indian reservations in Indian Claims Court; devised busing plans for integration of
school systems; and examined the human implications of physical processes such as accelerated erosion, river
channel changes, flooding, coastal change, and lake dynamics in a variety of courts and administrative law
proceedings (e.g., see Sidebar 6.3).

As expert witnesses, geographers engage in three types of activities. First, they provide a context for dispute
resolution by defining the geographic characteristics of the area in dispute, the area's functional characteristics,
and the systems that operate within it. Second, they testify about disputed facts. In cases dealing with housing
discrimination, for example, the alleged discrimination must be defined accurately, demonstrated statistically,
and mapped precisely. Third, geographers are frequently asked to apportion responsibility in court cases by
defining what outcomes resulted from the actions of the defendant and what are likely normal outcomes on the
social or environmental system. Accelerated erosion on valuable agricultural lands, for example, may be a
product of negligent land management but also a product of entirely natural processes.

NATIONAL DECISIONS

Geographers participate in national-scale decisions by illuminating the dynamics of regions and the flows of
materials, information, and people. A particularly strong field of contribution has been in transportation systems
and policy. In addition, geographers help society understand its physical environment, contributing to our
understanding of environmental impacts and resource use. At this scale, in both public and private organizations,
the contributions of geographers are often cloaked by confidentiality and proprietary rights. The following
sections illustrate some key contributions.

Energy Policy

A vivid example of the application of geography's perspectives and tools in national policy making comes
from the energy "crises" of the 1970s. In 1979 the U.S. Department of Energy was developing a plan to allocate
scarce gasoline in the event of an oil import disruption, and the states were urgently concerned about equitable
treatment. David Greene, a geographer at Oak Ridge National Laboratory, developed an analytical model for
understanding the determinants
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of gasoline use for highway transportation. His analysis was the first to recognize differences between the states
in terms of per-person or per-household consumption of gasoline, based on such factors as differences in
population distributions and associated differences in trip length for the journey to work, shopping, and social
interactions. During negotiations with the states, the model was used successfully by the White House to resolve
issues of equity.

SIDEBAR 6.3 Geography and Dispute Resolution: Electoral
Redistricting In Los Angeles County

| In 1588 the Maxican American Legal Delense Fund brought a sult against Los
| Angeles County challenging the 1981 reapportionment of supervisarial districts.
The suit claimed that the boundarias of the five supervisonial districls establishad
by reappartionment {see Figure 6.3) wera drawn ta fragmant the Hispanic commu-
nity. Tha Hispanic Opportunity District (shaded area in Figurs £.3) was presentad
by the plaintiffis as an example of & district in which a Hispanic suparvisor could
be electad.

A demographic analysis of Los Angelas County by geographer William Clark
and demographer Peter Morrison (Clark and Morrison, 1991; Morrison and Clark,
1992) provided the context for adjudication of this dispute, Their analysis revealed
that, at the times of the 1980 census, Hispanics made up 27.8 parcant of Los Angelas
County residents but only 14.8 percent of all veling-age citizens. If residents and
citizens were similarly dispersed within the county, this disparity would ba largaly
Immaterial, In Los Angelas County, however, Hispanic noncitizens are mars con-
cantraled in cenain parts of tha county, Consaguently, it is possible ta form majority-
Hispariz electoral districts that encompass ona-fifth of all residents in the county
(lo achieve represantational equality} but not nearly ona-fifth of thoss who ana
entithed to vote (which determines electoral equality).
| Clark and Morrison showed that the Hispanic Opportunity District (Figure 6,3)
comprised 46,3 percent of Hispanic residents and 20 percent of all residants in
Los Angeles County but only 14.4 percent of tha voling-age citizans—wall balow
the required 20 percant 1o qualily as an electaral district. They suggested that this
apparen! paradox was tha result ol several gaographically drivan damographic
processes. First, there is a difference in the age structure of the Hispanic and non-
Hispanic populations; only 61 percent of the county's Hispanics are 18 years or
older compared with 77 parcent of non-Hispanics. Second, some cantral areas of
the county are heavily populated by adult Hispanic immigrants who are not citizens.
Third, Hispanic citizens are more dispersed in the sounty than noncliizens,

Although fhe district court ruled that the 1581 reapportionment did not intention-
ally dilute voting strength, it did have the effect of preventing Hispanics from
attaining a majaity in a single district.

In this same period an analytical modeling system, conceived in large part by geographer T.R. Lakshmanan,
was one of the nation's major tools for forecasting the environmental consequences of different energy policy
options. The model was useful because it addressed such highly geographic questions as the possible effects of
coal development in the western United States on emissions from smokestacks in the east.
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Hispanic
Opportuni
Dfsrr.fct 4

Pacific Ocean

Demographic Characteristics of the Hispanic Opportunity District

Charactaristic Apportionment Basa
Tatal Voting-age Citizen
Populaton __Popudation
Mumber of residorts 1,485,466 553,105
Wumber of Hispanic residents 1,003 236 226,791

HOD's perceniage of all county

Residants 200 14,4
Hiapanic resldonts 48 6 4249
Percantage of population that 18 Hispanic 67.1 41.0¢46.3)"

Source) 1980 Cenaus of Population, including unpublkshed paricns
*The 48 3% ligura relers ta sall-repartad siizanskig, unearmaciad lor missapatng.

FIGURE 6.3 Map of the Los Angeles County area showing the supervisorial
districts established by the 1981 respportionment (numbered polygons) and the
Hispanic Opportunity District (shaded area), Source: Clark and Morison (1991,
P TL5)
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Economic Restructuring and Competitiveness

Discussions of economic policies at a national scale often follow one of two related lines: concerns about a
nation's standing with respect to other nations in terms of productivity, per capita income, or broader measures of
living standards, or concerns about economic trends within the nation. Both of these concerns are integral to
national economic "competitiveness," defined as the ability to combine rising living standards with increasing
flows of trade and investment.

Many geographers have argued that viewing competitiveness in terms of national interest and national-scale
policy making is overly narrow and can lead to bad decisions. They have instead tended to focus on the interplay
of global and local processes. For example, one concern has been with the impact of public

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

[}
]
3
=
[0
o
©
]
X
®
[}
o
0
()
(o))
©
o
@
o
©=
()]
£
&=
=
(O]
[72]
[}
[oN
>
Z
T
£
=
2
(@]
[}
z
£
£
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
£
(]
o
=
©
]
o
®
[
o
o
2]
o
=
—
s
<
£
(]
o
=
©
(]
[72]
o
Q.
€
(]
[&]
[}
o
[
[}
[0}
Keo]
2]
©
°
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
Q.
[}
Qo
I
=
=2
©
2
[]
[
@
Ny
'_
o)
=
L.
a
o
@
ey
=
=
>
o
Q
<

use the print version of this publication as the authoritative version for attribution.

to the original; line lengths, word breaks, heading styles

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

GEOGRAPHY'S CONTRIBUTIONS TO DECISION MAKING 120

and private multinational institutions on local economies, especially local conflicts over labor issues that are
related to adverse effects of a global competition in wage rates. A recent study by geographer David Angel for
the U.S. Department of Commerce, for instance, has shown that alliances between multinational institutions and
local groups are often associated with innovativeness and that such alliances strengthen local economic
performance and benefit local economies (Angel, 1994).

Geographers generally consider competitiveness in terms of nation-or region-specific characteristics
developed in response to place-specific economic histories. Economic development practice in many regions is
moving away from pursuing large manufacturing facilities toward the redeployment of local assets, including a
recognition of the potential of some service activities to foster economic growth, even in rural areas. This
redeployment requires careful assessment of place-specific labor skills, product markets, technologies, and
capital base, and an assessment of current and potential interactions with other regions or nations. Policy
measures to improve competitiveness should be similarly place specific. In addition to the blunt tools of tax
abatements or other subsidies, such policy measures can include targeted worker training, improved
communications linkages, and arrangements for technical assistance (Glasmeier and Howland, 1995).

In these senses and others, geographers are involved by emphasizing the persistence of place distinctiveness
and its effects on economic transformation. Much of the current research on industrial structure and place
distinctiveness involves a great deal of labor-intensive personal observation, an extension of geography's
tradition of fieldwork.

Technological Hazards

Building on a tradition of research on risks associated with natural hazards such as floods and droughts,
geographers contribute both in theory and in practice to risk assessment for technological hazards. Many
technological hazards, such as toxic waste disposal, chemical and nuclear accidents, and advanced weapons
proliferation, are quite place specific. Consequently, evaluating the risk to human populations from such hazards
calls for geographic perspectives (e.g., see Sidebar 6.4). Geographers have pioneered the development of risk
assessment methodologies, hazard taxonomies, and hazard theories, and they have developed new
understandings of how different groups perceive risk.

The solutions to many technological hazard problems are also strongly geographic. Over the past two
decades, Congress passed an average of 23 laws per session dealing with technological hazards (Cutter, 1993),
but many of these laws treat the nation monolithically and do not consider the "place matters" axiom of
geography. Understanding and solving problems such as toxic waste disposal and high-level radioactive waste
disposal call for the use of geography's core concepts (see Chapter 3): diffusion and dispersion; definitions of
regions;
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manufacturing facilities and from atmospheric tests of weapons are defined largely by the physical processes of

atmospheric motion, but the health risks are related to the demographic characteristics of the

and spatial flows, past, present, and future (see Sidebar 6.5). For instance, airborne releases of contaminants from
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population in those regions. Risk assessment of air releases therefore must account for human and physical
geography in an integrated regional analysis.

pSA NS APN SN R AR A, Ve,

FIGURE 6.4 Emergency planning zones in the TMI region, IPZ, inner planning
zone: MPZ, middle planning zone. Source; Golding et al. (1994),

An important aspect of the safe disposal of high-level nuclear waste is the design of safe transportation
systems to connect waste generators with disposal sites. The problem is to choose the route that will expose the
fewest people to risk while at the same time minimizing travel time and maximizing efficiency. Designing a
transportation network that balances these competing considerations draws on the experience gained from
solving similar problems associated with delivering other public services. Geographers are centrally involved in
designing and operating such systems for radioactive and other hazardous waste transport in the United States.

National Floodplain Policy

The Great Flood of 1993 on the Missouri and Mississippi River systems resulted in more than $10 billion in
property losses (see Sidebar 6.6). Recognizing the importance of wise investment of reconstruction funds and the
need for adequate understanding of floodplain processes in the affected areas, President Clinton created the
White House Interagency Floodplain Management Task Force
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SIDEBAR 6.5 Geography and Nuclear Waste Disposal

A geographic perspactiva on long-tarm climatic change proved valuabla during
a recent Centar for Nuclear Waste and Regulatory Analysis (CNWRA) assessment
ol possible futura climate states al Yucca Mountain, Nevada, the candidate location
for & permanent geologic repositony for much of the nation's nuciear waste. The
CNWRA convenad an expert panel of five climateloglists in 1993 (threa of whom
were geographers) to elicit their views about climate variability and change that
may occur al Yucca Mountain over tha next 10,000 years (De\Wlspatare et al.,
1893). Climate changes that lead to watler conditions at Yueca Mountain could
alfect the repasitory's abllity 1o isolate radioactive wastas from the envirenmeant.

Panel mambers ware asked to evaluate and integrate a diverse literatura.
Lamger-term climatic trands, for instance, had to ba assessed primarly from the
palaoclimatic Iiterature, with data sources ranging from analyses of pack-ratl mid-
dens to changes caused by Milankovitch orbitalradiative forcing. Knowledge of
tha lecal and reglonal synaptic elimatalogy and the wasther station record (nformed
the panel of tha higher-fraquency temporal and spatial variations. Climate modal
simulations of warmer fulure climates under Increasing concentrations of atmo-
spherle greanhouse gases also had 1o be considered,

Aftar assessing and Intagrating this broad spectrum of information, afl five
climatologists agreed that a local warming of lass than 3.5°C was plausible in the
short term, followed by & longer perod of cooling (see Figure 6.52). The foracast
cooling aross largely from an anticipaled decline n extraterrestrial iradiance ovar
the next 10,000 + years. Four of the five climatalogists also thought that Yucca
Mauntain would likaly remaln dry well Into the foresesable future (Figure 6.5b),

Termparalura Change (CY
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FIGURE 6.5 Predictions of five expert climatologists (each denoted by a
different symbol) of {a) tlemperature and (b) precipitation trends during the next
10,000} years at Yucca Mountain, Nevada. Source; DeWispelare et al. (1993).
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to make recommendations to the federal government for floodplain recovery and management. The task
force is chaired by Brigadier General Gerald E. Galloway, a geographer at the U.S. Military Academy.

SIDEBAR 6.6 MISSISSIPPI FLOODS: HOW BIG IS BIG?

Over a period of two decades, James C. Knox and his students at the University of Wisconsin,
Madison, have investigated the physical evidence of changes in the regional river systems of the Upper
Mississippi River system. Using sedimentological evidence, they have pieced together a comprehensive
history of large flood events on the Upper Mississippi over the past 25,000 years. They used deposits of
sediment left by these large floods to determine the depths of flow and then applied a standard engineering
program model to calculate the likely amount of water in the various events.

The results of their work show that between 25,000 and 14,000 years ago the Laurentide Ice Sheet
controlled the flow of water into the system, causing major aggradation by sand and gravel. By about
14,000 years ago, the ice sheet began to melt and retreat, creating numerous proglacial lakes dammed
behind moraines. Discharges from these lakes, whether of low magnitudes on a regular basis or of
occasional high magnitudes in catastrophic releases, were sediment poor and highly erosive, resulting in
the net removal of the previously accumulated sediment. The largest outbreak flood, the Lake Agassiz
flood, occurred sometime before 10,800 years ago and had a peak discharge of about 30,000 cubic meters
per second. In the time period between that mega-flood and the present, changes have been less radical.

During the period between the Lake Agassiz flood and the present, very large floods have occurred,
many of them of a magnitude similar to the great flood of 1993 on the Missouri and Mississippi River
systems. When viewed on this long time scale, the 1993 flood does not appear to be particularly unusual.
Without suggesting that human actions have had no effect on rainfall runoff and flooding, the policy
implications of this finding are that (1) floods of the magnitude of the 1993 event should be expected to
occur from time to time, and river managers should account for such events even with major flood control
works in place; (2) floodplain areas are likely to be inundated despite the major levee systems now in place;
(3) events of the magnitude of the 1993 event have occurred previously without the present human-induced
changes in the system, such as altered land use on the uplands and draining of lowland riparian wetlands.
Knox (1993) concludes that very large historical floods appear to be a result more of climatic factors than of
land use. Perhaps regional residents are better off learning to live with the river and its floods rather than
investing huge amounts of public capital in attempts to control a process that is climatically driven.

Data for the task force's work was prepared by the Scientific Assessment and Strategy Team (SAST). The
team, which was directed by geographer John Kelmelis, spent several months at the Sioux Falls, South Dakota,
data center of the U.S. Geological Survey (USGS) creating a database of useful information for the task force.
The database included information on hydrology, geology, landforms, soils, structures (levees, dams, dikes), land
use, hazardous and toxic
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materials, threatened and endangered species, and wetlands. Data were organized and presented as products from
a geographic information system, which is capable of analyzing associations among the various types of data and
provides the ability to map in detail individual reaches of the river system and adjacent environments (see
Plate 10).

The work of this task force continues a tradition of contributions by geographers to federal management of
flood problems. Previous reports by Edward A. Ackerman for the President's Water Resources Policy
Commission (1950) and by Gilbert White for the Bureau of the Budget Task Force on Federal Flood Control
(1966) have strongly influenced national floodplain management policies over the past five decades.

National Information Infrastructure

Government and business requirements for digital spatial data have stimulated a major effort to develop a
national spatial data infrastructure (NSDI) along with associated spatial data transfer standards (see Chapter 5)
and a national geospatial data clearinghouse (e.g., NRC, 1993b). Spatial data are useful in a wide variety of
commercial applications ranging from marketing to navigation. Such applications require a publicly accessible
spatial data infrastructure, digital cartographic databases, and global positioning systems (GPSs). Spatial data
and associated geographic information analysis methods are also emerging as an integral part of national health
policy discussions because many managed health care programs serve populations of geographically defined
areas (e.g., Lasker et al., 1995).

Development of the NSDI has resulted in the creation of national georeferenced databases containing
information about individuals. Such databases have fueled explosive growth in applications such as political
canvassing, advertising, and travel. Geographers are contributing to the development of databases that allow easy
access to such information. They are also engaged in research to assess who should have access to the data, how
such access will affect the distribution of information and power in society, and what new legal and ethical
principles will be necessary to control abuse in this rapidly developing area (Pickles, 1995a).

Creation of the NSDI is central to providing spatial data to the nation. In April 1994 President Clinton
signed an executive order supporting the NSDI. The project will be directed by the Federal Geographic Data
Committee through the Cartographic Requirements, Coordinating and Standards Program of the USGS. The
NSDI will lead to the establishment of a geospatial data clearing-house—a distributed network of geospatial data
producers, managers, and users linked electronically. The clearinghouse will publicize data availability, facilitate
links between data suppliers and users, and ultimately provide direct access to data.
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Geographers are also involved in several other research initiatives that will contribute to the NSDI,
including the following:

* The National Center for Geographic Information and Analysis leads research into the fundamental
design and operations of GISs, as well as related efforts (e.g., the Alexandria Project) to develop
methodologies and tools for the creation of a digital spatial "library." This library will allow decision
makers, researchers, and the general public to easily access georeferenced information through the
Internet.

e The U.S. Environmental Protection Agency's (EPA) Environmental Monitoring and Assessment
Program (EMAP) monitors ecosystem changes at various spatial scales. The hierarchical database
structure developed for EMAP now serves as a basis for much of EPA's environmental monitoring and
analysis activities.

* The USGS's National Digital Cartographic Database supports the production of paper and electronic
maps (see Sidebar 6.7).

* The U.S. Bureau of the Census has developed the Topologically Integrated Geographical Encoding and
Referencing (TIGER) database (see Chapter 4).

e The U.S. Department of Energy's Environmental Spatial Analysis Tool (ESAT) project evaluates waste
management alternatives.

» The National Center for Health Statistics has developed a cancer atlas.

* The U.S. Department of Transportation's Bureau of Transportation Statistics has undertaken a project to
compile, analyze, and distribute data about the nation's transportation system.

SIDEBAR 6.7 GEOGRAPHY AND THE NSDI: USGS GEOGRAPHIC AND SPATIAL SYSTEMS
PROGRAM

In addition to playing a major role in developing standards for digital geographic and cartographic data
and coordinating the NSDI project, USGS researchers have been exploring ways to integrate and apply
spatial data in policy and management contexts. The USGS's Geographic and Spatial Systems Program
"supports research to develop and test new and innovative theories and techniques to manage spatial data,
including research in new techniques for modeling, analyzing, and visualizing spatial data in GIS and in
automated cartography, image processing, and land characterization" (Kelmelis et al., 1993, p. 36). This
research underpins national policies dealing with human-environmental interactions. A significant
component of these policies involves land surface characterization. As part of a research program directed
toward integrating GIS technology, remote sensing technology, and environmental simulation models, a
new 159-class dataset of land surface characteristics has been constructed for the conterminous United
States (see Plate 11). The digital representation of this dataset is used in the land process components of
general atmospheric circulation, watershed, hydrologic, ecosystem, and biogeochemical cycle models.
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Geographers participating in the above efforts design and develop data structures, methods for data
manipulation and display, and tools for interactive geographic information analysis and visual display.

One of the greatest obstacles confronting research and development efforts, now and in the foreseeable
future, is a dearth of people educated in spatial analysis, visualization techniques, and applications. Collecting
and storing data are only part of the process; understanding and communicating its significance also are required.
Thus, the development of the NSDI to support policy making challenges not only our technological expertise but
also our education system.

INTERNATIONAL DECISIONS

The variability and connectivity of places are paramount for understanding the modern phenomenon of
"globalization," be it the international economy or environmental change. This realization has pushed geographic
approaches and geographers to the forefront of many emerging global issues with both science and policy
relevance. In this role, geographers are engaged in several interdisciplinary and integrative collaborations that
bridge the natural and social sciences. This is particularly true in the efforts by geographers in the International
Council of Scientific Unions to marshall scientific expertise in studies of the environment and global change, as
noted in the examples below.

Responding to Global Environmental Change

From Stockholm 1972 to UNCED-Rio 1992, the international community has been acutely concerned about
changes being imposed by humankind on the biosphere and the consequences of these changes for such
important issues as sustainable development, biodiversity, and climate change. Both researchers and policy
makers understand that such changes are anchored in human-environment relationships, are created by complex
human activities, and have important consequences that vary significantly by locale (see Sidebar 6.8).

If the world becomes warmer, for example, some areas will be drier while others will be cooler and wetter
(Henderson-Sellers, 1995). Where such changes take place matters, particularly in regard to the local economies
and abilities of societies to adjust. Most assessments concur that agriculture in the tropical areas of the world
may suffer the most from warming, exacerbating already serious food problems. In contrast, agricultural impacts
in the developed world, while important for individual farmers and local areas, are embedded in systems that
provide far more latitude for adjustments (Parry, 1990; Appendini and Liverman, 1994).

Geography remains central in setting the agenda for scientific research to address the complexity and
integrativeness of human and social behavior related to global environmental change. Geographers have helped
to launch international
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collaborative research on greenhouse gases and climate change through SCOPE (the Scientific Committee on
Problems of the Environment; Bolin et al., 1986). They are active in the development of reports of the IPCC (the
Intergovernmental Panel on Climate Change) and of research agendas for various international global change
science programs, including the International Geosphere-Biosphere Programme (IGBP) and the International
Human Dimensions of Global Environmental Change Programme (IHDP). Geographic approaches and
analytical techniques are central to such IGBP and IHDP projects as Data and Information

SIDEBAR 6.8 GEOGRAPHY AND ADAPTATION TO CLIMATIC CHANGE IN MAJOR RIVER
BASINS

One of the concerns associated with potential global environmental change is that less developed
countries will be hardest hit because they will be least able to adapt. The latest assessment of global
warming by the National Research Council Panel on Policy Implications of Greenhouse Warming (NRC,
1992b) was relatively optimistic about the ability of the United States to cope with anticipated changes.
However, the panel was concerned that the less developed regions of the world would have greater
difficulty in adapting to change because of the cumulative effects of population growth, weak
infrastructures, and migration. One attempt to address this issue was led by geographers William
Reibsame, James Wescoat, Gary Gaile, and Richard Perritt, with support from the EPA. Their study, which
is described in Strezepek and Smith (1979), involved more than 20 scientists and water resource managers
who assessed the potential effects of possible adaptive responses to climate change in five of the world's
major river basins in less developed countries: the Mekong, Zambezi, Uruguay, Indus, and Nile river basins.

The researchers linked the environmental consequences of possible global warming to hydrology and
social conditions in each basin by extracting regional climate change scenarios from atmospheric
circulation models and feeding the results into regional simulations of basin hydrology and water resource
management. Regional responses included changes in flooding, hydropower production, and other natural
resources. Local water resource managers in the five basins were asked how they would cope with the
suggested scenarios, so that the project defined a realistic potential range of adjustments that policy
makers might consider.

Many of the river basins were quite adaptable, although the specific adaptations were varied.
Adjustments such as the construction of small hydroelectric plants (as opposed to large dams), with flexible
irrigation practices for the Uruguay and Mekong river basins, and planned development of new dams on the
Zambezi and Mekong rivers provided increased resilience to change. On the other hand, the single large
reservoir serving the Nile basin could fail to meet Egypt's irrigation needs under several climate change
scenarios, and the extremely complex irrigation systems of the Indus River basin, which already suffers
from high water tables, salinization, and water distribution problems, could begin to return fewer benefits as
climate changes. Although the project did not recommend specific policies, it did provide a reasonable
framework for considering policy responses to possible changes in the near future.
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Systems (Townshend, 1992) and Land-Use/Cover Change (Turner et al., 1995), and geographers are also deeply
involved with the Global Change System for Analysis, Research and Training and the Inter-American Institute.

In addition, geographers associated with the U.S. Agency for International Development (USAID) have
been active in applying geographic perspectives and tools (particularly GISs) to strategies for coping with the
relocation of refugees and the routing of supplies to support them.

Some of this work should find application in business strategy development, as global market conditions
shift in the direction of environmental sustainability. For products and services to be competitive in national and
regional markets a generation from now, business strategists must address the realities of "greener" policies on a
global basis. Anticipating these changes in all their geographic complexity is becoming an increasingly
important aspect of corporate planning.

Global Economic and Political Restructuring

During the past decade, the international economic and political order has undergone a profound transition.
Formerly monolithic entities such as the Soviet Union and the Warsaw Pact nations have splintered into a host of
diverse economic and political entities. Relationships among economies have changed as manufacturing has
moved to developing countries with lower labor costs. Trade barriers have fallen as states in some parts of the
world have sought closer economic ties with one another. New transnational networks have emerged as
individuals and corporations have forged links outside traditional state structures.

Understanding global economic and political transformations is a complex task that is not the province of
any one discipline, but geography has an important role to play. Indeed, one of the principal catalysts for the
recent rediscovery of geography was concern over the inability of many U.S. citizens even to identify where
particular changes were taking place, much less understand how they might be altering the political, economic,
and environmental character of the planet (see Chapter 1). Geographic work on global political and economic
restructuring provides insights into problems faced by decision makers by elucidating both the changing spatial
organization of human and environmental phenomena and the effects of global changes on specific places (e.g.,
Johnston et al., 1995), as well as the relationships between them. At a regional scale, studies by geographers
have sensitized policy makers to the problems and prospects of regional integration initiatives in regions such as
the Middle East and Pacific Asia (Drysdale and Blake, 1985; Murphy, 1995a). At the local scale, geographers
have helped public and private decision makers recognize the importance of geographic context when addressing
resource management issues (see Sidebars 6.9 and 6.10).

The relevance of geographic thinking for efforts to understand global economic and political restructuring
can be illustrated by considering three contemporary transformations of great significance: the growing reliance
on market mecha
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SIDEBAR 6.9 GEOGRAPHY AND THE DEVELOPMENT OF AGRICULTURAL POLICY

Societies throughout the world are struggling to develop efficient and effective approaches to the
management of agricultural land. In many cases, small landholders are on the front lines of such struggles.
Research has shown that the ability of small landholders to increase production and conserve natural
resources depends on their knowledge base and the extent to which they are able to play a meaningful role
in resource management decisions. Consequently, a growing number of resource management initiatives
are focusing on the situation of small landholders.

One important example is a project led by Gerald Karaska, in which geographers are working with
development anthropologists, economists, and others to assist the Sri Lankan government in its efforts to
develop a program to increase the efficiency of water use and improve the lot of small holders without
unduly sacrificing agricultural production and environmental quality. The project is part of a USAID initiative,
the Systems Approach to Regional Income and Sustainable Resource Assistance (SARSA), which seeks to
assist governments around the world in efforts to improve resource use. The project is designed to increase
the control of resource users in management decisions through partnerships based on formal agreements
between the state and small landholders.

Since its inception in 1993, geographers have played a leading role in the Sri Lankan project, and its
structure bears the imprint of their perspectives. The watershed is the basic unit of analysis, and studies of
spatial relationships between economic and environmental variables have been used to understand the
complexities of water management issues. Moreover, intensive participatory interaction among resource
users and state and local officials has been employed to develop site-specific resource management
strategies. The project identifies subregions sharing particular human and environmental characteristics,
and these are then used as the spatial frameworks within which planning decisions are made.

The project has already produced striking results, with farmers' organizations agreeing to share the
flow of water and change their land uses according to their locations within watersheds. These results are
expected to lead to national policy changes as well as to new laws that give farmers long-term usufruct
rights to land and forest improvements.

Another example shows how geographers can link their academic interests in development with the
"hands-on" development work of nongovernmental organizations (NGOs) to influence agricultural policies.
Anthony Bebbington, formerly of the Overseas Development Institute and now of the International Institute
for Environment and Development, bridged the academic-policy gap in Ecuador and associated Andean
regions (Bebbington, 1994). Working with the Inter-American Foundation and the Fundac para el Desarrollo
Agropecuario (FUNDAGRO) in Ecuador, Bebbington expanded the meaning of farming systems to include
indigenous farm organizations and investigated their role within the larger environmental system and the
regional political economy. Special attention was given to federations of campesino communities, NGOs,
the modern church, and certain agencies of the state and how these entities were used by the campesino
to negotiate relationships with the market and the state. Bebbington's ethnographic work showed how
agrarian societies interact with the NGOs, and he demonstrated diverse ways in which households,
communities, and organizations interact and respond to changing economic and environmental conditions.

Bebbington's work, in association with FUNDAGRO, made NGOs rethink their relationship with various
indigenous farmers, particularly the campesino federations. The success in working with these federations
has fed into international and national agricultural research institutions in Ecuador and the Andes,
stimulating policy that involves such federations in determining agrarian policy and the nature of Andean
agriculture. Andean agricultural development now incorporates indigenous farmer organizations and
grassroots NGOs.
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nisms, the rise of democratic movements in various parts of the world, and the changing nature of the world
economy. In the first case, increased reliance on the market shifts the relative influence over capital flows and
accumulation from the public sector to the private sector. Geographers studying this process have highlighted the
integration of financial markets, and the corresponding accelerated speed of capital circulation, a process dubbed
"the annihilation of space by time" by Harvey (1989). While places are able to mitigate the threat of capital
mobility, at least for a time, taking advantage of economic niches and centers of power within the "space of
flows" (Castells, 1989), this acceleration increases the economic uncertainty faced by all places and the
complexity of the ways in which growth and decline in different places, and at different spatial scales, are
interrelated (Thrift, 1989). As a consequence, the interests and economic prospects of distant regions are
continually bound together in new ways (Erickson and Hayward, 1991), and there is increasing demand for
transportation and communications services (Warf and Cox, 1993).

SIDEBAR 6.10 THORNTHWAITE AND AGRICULTURAL PRACTICE

In addition to his seminal work on potential evapotranspiration and the climatic water-budget (Mather
and Sanderson, 1996), C.W. Thornthwaite was a pioneer in applied climatology, especially in relation to
commercial agriculture. In a 1956 article that highlighted the applications of operations research, Fortune
magazine devoted nearly a page to Thornthwaite's achievements "down on the corporate farm."

The story illustrated how he was able to organize the planting and harvesting of peas and later of other
crops grown on some 50,000 acres controlled by Seabrook Farms. Thornthwaite's "harvest design"
revolutionized the produce industry, making it possible to efficiently schedule the whole farm program from
planting, to irrigation, to harvest of vegetables, without overlap of vegetables or glut of produce waiting in
the factory yard at processing time. According to Fortune, it also eliminated night crews, stabilized the work
force, and improved labor relations, from which Seabrook Farms realized a substantial savings.

Thornthwaite's own account of this use of an operations research approach appeared in the Journal of
the Operations Research Society of America in February 1953 (Thornthwaite, 1953).

In the second case, studies of political changes such as democratization have focused heavily on social and
economic arrangements in individual states. Yet as a recent report to the National Science Foundation (Murphy,
1995b) makes clear, a geographic perspective on democratization is vital because it relates such concerns to
underlying territorial, spatial, and environmental circumstances. How does a country's position in relation to
international political and economic arrangements affect the ability of nondemocratic regimes to resist
democratization initiatives? What threats do subnational regional inequalities pose for democratic regimes? To
what extent does environmental change affect the emergence and
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sustenance of democratic regimes? Geographic work on questions such as these provides decision makers with
information about developing trends and with ideas about the circumstances under which democratic institutions
are likely to flourish (e.g., Central Intelligence Agency, 1995).

In the third case, two processes increasingly characterize the changing world economy and will continue to
impact the world economy in the next century. The process of globalization describes the growing integration of
various parts of the world into a global economy (Dicken, 1992). The process of urbanization describes the
growing concentration of the world's populations in cities. Some large cities have become key hubs for the
control and coordination of global finances and of the global economy itself (Dieleman and Hamnett, 1994).

The growth of world cities is not without problems (Sassen, 1991). It is often in these cities that there are
large gulfs between rich and poor, a polarization of social status that is exacerbated by increasing migration
between developing and developed societies (Fainstein et al., 1992). The flows of population within North
America and to the United States from nearby less successful economies is similar to flows in other parts of the
world economy. These flows are having and will continue to have powerful effects on the urban structure and
infrastructure of large and small cities in the United States. Policy debates over closed and open door
immigration policies are only one manifestation of local problems that are the outcome of international changes.

Often independently of the growth of these command and control centers there is a growing urbanization of
the world population as a whole. In just a few decades the number of very large cities has increased fourfold and
many of these new large cities are in Africa and South America, where the infrastructure still lags behind the
needs of the local populations. Solutions to these seemingly unsolvable problems are at the heart of creating a
stable twenty-first century.

Technology, Service, and Information Transfer

The spread of ideas from place to place is a focus of geography, and potentially one of its most direct
applications is to international trade. Here, geography's contributions could include helping decision makers
understand the local context for trade with international partners and the importance of long-term social,
economic, and environmental sustainability within this local context. International technology transfer and trade
from the United States depends fundamentally on responding to local realities in other countries, which calls for
certain kinds of expertise that geographers are expected to possess. Generally, however, geography as a
discipline has been a minor player in this arena, partly because it has too seldom connected its best scientific
insights with business decision making at the international scale and partly because its experts are so few.

Geographers also transfer their perspectives and techniques to more local problems. When children in a
rural school district, for example, are bused to
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school, each child's journey is a regional interaction. Questions such as the optimal placement of schools or the
location of attendance boundaries for an existing set of schools to minimize the cost of student movement are
important. The location-allocation modeling methods discussed earlier in this chapter have been developed to
solve such problems in the United States, and these spatial decision support systems are now routinely used to
find the best locations for many social and economic infrastructure elements in other countries as well (see
Sidebar 6.11).

Geographers contribute to information policy by applying their expertise on evolving communication
networks used by business and government, which affect international strategy development and
implementation. Most directly, of course, geography contributes by transferring its own information and tools
such as GIS hardware and software. In some cases this involves development of hybrid GIS tools to take
advantage of computers and software already in place at regional levels in developing countries (Yapa, 1989). In
addition, geographers have played an increasingly important role in efforts to develop international standards for
georeferenced spatial data. These contributions include leadership of a multiyear effort within the International
Cartographic Association to develop scientific and technical characteristics by which any national or
international spatial database transfer standard can be assessed (Moellering and Wortman, 1994; Moellering and
Hogan, in press) and participation (as Project Leaders and Experts) in the International Standards Organization
Technical Committee on Geographic Information/Geomatics (ISO/TC 211).

Hunger

In 1990 more than one fifth of the world's population suffered from micronutrient deficiencies and nutrient-
depleting illnesses. More than 700 million people faced chronic undernutrition. Tens of millions were highly
vulnerable to famine. Hundreds of millions of children suffered from below-normal growth. These statistics
illustrate the many faces of hunger and inadequate diets relative to the kind and quantity of food required for
growth, activity, and the maintenance of good health.

The attack on hunger is a multidisciplinary and highly fragmented effort to which geographers contribute in
a variety of ways (Bebbington and Carney, 1990). In collaboration with researchers in other disciplines,
geographers are working to help policy makers understand the structure and root causes of hunger. They have
identified three distinctive hunger situations: regional food shortages in which there is not enough food available
in bounded areas; household food poverty in which there may be sufficient food available in an area but some
households do not have the means to obtain it; and individual food deprivation, in which there may be adequate
food, but food may be withheld from individuals, their special nutritional needs may not be met, or illness may
prevent proper absorption of their diet.
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SIDEBAR 6.11 Case Study: Using Geography to Locate Health
Care Facilities in India

In 1872 the Central Ministry of Health in India implemented a program to make
primary health care more accessible in rural areas by establishing ona primary
health care unit for approximataly every 15,000 people. In the state of Kamataka,
located in southem Indla, the directorate of health implemented this palicy by
defining small reglons called “population blocks." Each of these blocks, which
contained approximately 15,000 pecple, was defined by administrators who wera
reasonably famillar with the local territory. Aftar approving this implementation plan
in 1972, the state health planning unit approved tha establishment of new primary
health units only in “vacant population blocks" in which government health care
gervices did not already exist,

I one district in Kamataka (the Bellary District, with a population of 1.1 million
poopla in 1971), 15 of 67 population blocks in the district were without a primary
health unit. Geographers investigated the effacts of establishing new health units
In the vacant blocks on accessibllity 1o health care services, They used a location-
aliocation modeal (discussed earfier in this chapter] 1o identify, in sequence, the
locations of 15 places that il added o the existing health centers would most
reduce the distance to the closest place offering governmant-supporiad health
care services. In the first case, all places in the district were considered by the
algorithm to be eligible for new health units. No requirement about locating in
vacant population blocks was Imposad (see Flgure B.6, top curve). In the second
casa, naw health units were resiricted to vacant blocks as required by state policy
{Figure 6.6, bottom curve).

Figure 6.6 shows that the most significant reductions in travel distances could
be obtained if new health units wera not restricted 1o vacant population blocks.
That is, the approach of designating population blocks and using them In the
decision-making process forced decision makers to make less than optimal deci-
sions. This information led the ministry of health to change its methods for locating
health faciliies (Rushion, 1888).

Researchers recognize that these situations are linked as in a cascade, at the bottom of which are individuals
who are hungry. In times of regional food shortages, a cascade of troubles plunge food-sufficient households into
food poverty and adequately fed individuals into food deprivation (see Figure 6.7). This understanding has led to
major improvements in the conceptual basis for famine early warning systems.

Geographers are also leading efforts by NGOs to alleviate global hunger. Geographers Robert Kates and
Akin Mabogunje cochair the organization Overcoming Hunger in the 1990s, which has proposed four achievable
goals for reducing hunger by the turn of the century: (1) eliminate deaths from famine, (2) end hunger in half of
the poorest households, (3) cut malnutrition in half for mothers and small children, and (4) eradicate iodine and
vitamin A deficiencies. These goals have become part of the mainstream global hunger agenda; they appear in
the resolutions of the 159 nations participating in the 1992 International
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Conference on Nutrition and the 1993 World Bank Conference on Overcoming Global Hunger.
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FIGURE 6.6 Calculated reductions in travel distances o health units in the
Bellary District of India by optimally lociting 15 new health clinics, Top curve:
reductions in travel distances if no restnctions are placed on the locations of
new health clinics. Boffom carve! reductions in travel distances if new health
climics are located in vacant population blocks. Source; Rushion (1988),

SUMMARY AND CONCLUSIONS

This chapter has illustrated a wide range of issues in which geographers contribute to decision making in
both the public and the private sectors. The chapter has also illustrated areas of concern where geography is not
now contributing in any significant way but could be given increased attention, resources, and access to policy
makers. A common theme throughout much of this review is geography's role as a provider of distinctive
perspectives, information, and technology for decisions. Geography provides a valuable way of thinking about
human and environmental issues, a way of thinking that emphasizes connections in complex systems and the
importance of locations and arrangements.
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Figure 6.7
The causal structure of hunger.

Geography's contribution to decision making has a long and distinguished tradition starting with the
founding of the United States. One of the earliest American geographies was Thomas Jefferson's Notes on the
State of Virginia, a wide-ranging treatise dealing with a region extending from what are now the Middle Atlantic
states into Ohio. Jefferson evaluated the development potential of the then-new United States through an analysis
of its physical and human geography.

As the nation expanded westward, public- and private sector policy makers relied on the analyses of
exploration geographers. For example, George Perkins Marsh's Man and Nature, Or, Physical Geography as
Modified by Human Action led directly to the creation of new federal resource management agencies in the late
nineteenth century. John Wesley Powell helped define national reclamation policy. Henry Gannett was a leader
in defining the emerging national forest system. Harlan Barrows participated in numerous New Deal national
planning boards for river basins. Carl Sauer worked with the Soil Conservation Service during the New Deal era
to improve land management, and C.W. Thornthwaite worked with the U.S. Department of Agriculture on
climatic classifications for assessing moisture availability for crops. Gilbert White profoundly impacted the
nation's geographic perspective on floods and flood hazard management through his research and his service on
prominent committees such as the Hoover Commis
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sion Task Force on Natural Resources to the Bureau of the Budget Task Force on Federal Flood Policy.

In recent years, geography and geographers have been less prominent in some aspects of significant national
decision making. For instance, the Wilderness System and Wild and Scenic Rivers System were enacted
essentially without geographic considerations. Potentially significant and wide-ranging contributions by
geography to foreign policy have been hampered by the small size of the Office of the Geographer of the U.S.
Department of State. Highly geographic problems—ranging from the designation of formal wine appellations in
California to U.S. policy for deciding whether to intervene in regional or national conflicts outside the United
States—are sometimes not addressed by geographers at all. When they are, geographers often do not interact
with decision makers. In this respect the discipline has fallen short of its potential to make meaningful
contributions to American society (e.g., Berry, 1994).

The limited ability of the discipline to respond to the geographic needs of decision makers is a result of at
least two factors: a shortage of formal connections between geographers and decision makers and the small size
of the discipline. Consequently, the United States lags behind the rest of the developed world in its geographic
sophistication in many aspects of decision making. To borrow a Cold War expression, there is a "geography gap"
that may cost the nation dearly in terms of competitiveness and ability to achieve the twin goals of economic
prosperity and environmental stability. Closing this gap depends on strengthening the foundations of the
discipline along with its research and educational dimensions.
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7

Strengthening Geography's Foundations

Geography and geographic approaches to problem solving have contributed significantly to the scientific
and decision making communities in the United States. This report was written, however, not only to explain
these contributions but also to address what should be done to more fully realize geography's potential to address
critical questions for science and society at large. The foregoing chapters have laid the foundation for this
discussion by reviewing geography's perspectives, techniques, and contributions. This chapter now turns directly
to addressing the committee's statement of task (see Chapter 1):

* to identify critical issues and constraints for the discipline of geography,
* to clarify priorities for teaching and research, and
* to link developments in geography as a science with national needs for geography education.!

Geography's ability to respond to the challenges inherent in its rediscovery is potentially hampered by
several impediments. Despite three decades of growth in the number of professional geographers, > the
geography community remains small relative to most other natural and social science disciplines. Few colleges

! The remaining two objectives of the assessment—to increase appreciation of geography in the scientific community and
to communicate with the international scientific community about the future directions of the discipline in the United States—
will be achieved by dissemination of this report.

2 As noted in Chapter 1, the membership of the Association of American Geographers has increased from 2,000 to 7,000
since 1960.
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and universities have large geography departments,’ and geography is not taught at all at many institutions of
higher learning,* including some of the nation's leading universities. Thus, many students—as well as faculty
members and administrators—lack an appreciation for the importance of geographic perspectives.> Women and
minorities are underrepresented in senior academic and professional positions relative to their numbers in the
general population, and, at present, few minorities are entering the field.® This small human and programmatic
base will make it difficult for the discipline to respond effectively to increased demands for attention—demands
that are likely to increase still further in the years ahead.

Demands for increased attention are likely to come from several quarters. For example, efforts to infuse
geography into the curriculum of the nation's schools will likely lead to increased demands for college level
teacher training in geography. Indeed, a surge in student interest in geography is already evident at the college
and university levels (e.g., see Figure 1.1 and Appendix A). The use of geography by the research and decision
making communities (see Chapters 5 and 6) is likely to translate into a growing demand for college graduates
with geographic training.

Realizing geography's potential requires more than addressing the problems presented by the discipline's
small size and limited diversity, however. In several critical areas, geography's intellectual foundations need to
be strengthened to ensure that its contributions to science and society are solidly grounded. Moreover,
geographers need to work to overcome the view that geography is simply a descriptive subject with little
analytical or technical depth. This is particularly critical given the growing demand for technical expertise on the
part of geographers entering the labor market. At least as important, the appreciation and use of geography by
nongeographers need to be fostered, so that the capacity to make use of the discipline's perspectives, knowledge,
and techniques grows along with the capacity of the discipline to supply them. This includes enhancing the

3 Of 27 major departments of geography in the United States selected for inclusion in the Gourman report (1993), 5 had
between 20 and 25 full-time equivalent (FTE) faculty members, 12 had between 15 and 20 FTE faculty members, and the
remaining departments had between 10 and 15. The 36 Ph.D.-degree-granting departments listed in the National Research
Council's latest survey of research doctorate programs (NRC, 1995) averaged 15 faculty members and 33 doctoral students.

4 Of the roughly 2,200 accredited four-year colleges and universities in the United States, about 250 offer undergraduate or
graduate degrees in geography.

> This situation is extraordinary by world standards because geography is considered a core subject in most universities in
Europe and East Asia.

6 Support for this statement comes from a variety of sources. At the end of 1994, for example, only 1.4 percent of the
members of the Association of American Geographers were African American, 1.5 percent were Hispanic, and 0.6 percent
were Native American (AAG, 1995). In 1993 females and minorities received about 28 percent and 4 percent, respectively, of
the doctorate degrees from the 36 Ph.D.-granting departments surveyed by the National Research Council (NRC, 1995). In
1990 women held only 5 percent of the tenured faculty positions in geography (Lee, 1990).
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geographic competency of the general population and fostering better geographic training in colleges and
universities.

STRENGTHENING GEOGRAPHIC RESEARCH IN SELECTED AREAS

If geography is to respond effectively to increased demands for its research expertise, the discipline needs to
strengthen its intellectual foundations in areas that exploit its distinctive insights (see Chapter 3) while at the
same time recognizing and meeting its responsibilities in certain technical and educational endeavors. To equip
the discipline to meet its larger responsibilities to science and society that have been touched on throughout this
report, attention must be focused on the following six research challenges:

disequilibrium and dynamics in complex systems,

an expanded concept of global change,

the local-global continuum,

comparative studies using longitudinal data,

effects of geographic technology on decision making, and
geographic learning.

A S

The first four of these challenges involve research topics that exploit the integrative and synthetic traditions
of the discipline and strengthen the discipline's connection to the larger family of science. These challenges share
at least two attributes, being both complex and integrative. As such, they can be addressed only through the
synthesis of a wide range of information and expertise. A major need of the discipline is to establish and
maintain a balance between its synthetic tradition and its more recent movement toward specialization, and these
four initiatives are designed with that balance in mind.

The last two challenges are important because, irrespective of disciplinary emphases, demands for the use
of geographic technology in decision making and for teaching geography are growing. If geographers do not
respond, there is a high likelihood that primary and secondary schools will continue to employ a simplistic, fact-
based approach to geography education. There is also a risk that those employing geographic technology [such
as geographic information systems (GISs)] in the public and private sectors will use that technology in
inappropriate or inefficient ways.

Disequilibrium and Dynamics in Complex Systems

Most geographic models have been based on an assumption that system dynamics are dominated by strong
and stable equilibria. Thus, numerical models assume that steady-state representations are adequate, and
potentially nonlinear or chaotic behavior is tacitly suppressed by adjusting time/space parameters to
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be consistent with empirical observations and theoretical constructs. For quite some time, however, it has been
recognized in principle that such simplifying assumptions are unrealistic.

Many fields of research would benefit if geographers were to incorporate nonlinear and complex dynamical
phenomena more effectively in their models and other representations. It is well known in economic geography,
for example, that under certain conditions spatial disequilibrium occurs. It is also well known that rates of
interactions between places change as a result of endogenous changes in the geographic distribution of economic
activities. In physical geography, evidence of nonlinear feedbacks or chaotic behavior has long been suspected in
climate, stream-network, ecosystem, and landscape systems. Incorporating realistic disequilibrium and
complexity into analytical and numerical models is a challenge that mathematically oriented physical and human
geographers must embrace if their models are to better represent real systems.

A focus on complex nonlinear systems is important at least partly because it opens up the possibility of
incorporating into theory the kinds of evolutionary path dependencies, contingencies, and irreversibilities that are
stressed in much qualitative work on geographic and historical processes. Research on complex systems also will
place geography centrally within an emerging scientific synthesis that embraces such disciplines as physics,
atmospheric science, economics, computer science, and genetics and that treats complex dynamics as an
interdisciplinary research frontier.

Expanding geographic research capabilities related to complex systems will require the training of early-
career geographers in the necessary analytical and computer skills. Such training poses significant challenges to
the discipline because the number of researchers interested in and equipped to work on this problem still is
extremely small. Expanding geography's capabilities will require access to adequate computer resources, both in
central computing systems and on the desktop, to undertake large numerical simulations that are becoming the
primary method for investigating complex systems. Access to advanced visualization algorithms and media will
be essential as well, as will research to develop more effective visualization methods.

Broadening the Concept of Global Change

Global change research has become a major interdisciplinary focus for science, comparable in breadth,
organization, and required resources to such large comprehensive international scientific undertakings as the
human genome project. Part of the appeal of global change research rests on the widespread perception that
major adjustments in the Earth system are under way that are wholly or partially human-induced and that need to
be controlled or at least understood. To date, research on global change has focused primarily on the climate
system. Yet equally important global changes are occurring in other facets of the physical
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environment and in social systems, including economies, populations, governments, and cultures. For instance,
global climate changes are likely to be reflected in the distribution, quantity, and quality of water resources.
Many societies have invested immense amounts of capital in structures to exploit water resources for economic
development, and the functions of these structures may have to be altered to reflect new conditions that are
different from those for which the structures were designed.

A broadened concept of global change would exploit at global scales geography's expertise in studying
physical and social processes and their relationships. Such a broadened concept recognizes that climate changes
do not operate in isolation from other environmental and social changes. Rather, they need to be studied together
with other changes induced by human activities in order to be understood completely. Such changes include the
global accumulation of pollutants in the biosphere—acid deposition, heavy metals in soils, chemicals in ground-
water—as well as global biotic changes, specifically deforestation in tropical and mountain lands, desertification
in drylands, and species extinction, particularly in the tropics. Global social, political, and economic changes also
need to be considered: the expected doubling of world population in as little as 50 years, the massive
restructuring of the world economy, the changing role of the modern state, the flow of migrants across
international boundaries, and the unpredictable and sometimes violent response of people to such changes.

In short, it is no longer sufficient to focus research efforts exclusively on specific climate changes or local
case studies. Distinctive geographic approaches need to be developed to address the interplay of global and local
changes (Meyer and Turner, 1994; Riebsame et al., 1994). Toward this end, studies might examine the
interaction of global changes in particular places along the local-global continuum (see the next section) and in
case-controlled comparative situations. Such efforts will require new types of collaborative initiatives, methods
for case-study comparison, hypotheses of global interaction, and appreciation of different approaches to problem
solving.

The Local-Global Continuum and Movement Across Scales

Global processes and events are increasingly connected; no matter where they occur along the local-global
continuum, they have impacts at other places and other scales. The widespread recognition of this connectivity,
commonly referred to as the micro-macro issue, has increased interdisciplinary concerns about how to link
spatially variable events and processes, as well as the analytical problems involved in doing so. The challenge
for geographers is to examine micro-, meso-, and macroscale mechanisms within a framework governed by such
principles as the following: (1) causal mechanisms are best observed at local levels, (2) macroscale events are
not always best explained by reducing them
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to local-scale events, and (3) macroscale processes do not always deterministically structure local-scale events.

Geography has a long tradition of grappling with scale problems, and its regional science component has
devoted considerable attention to underlying analytical issues (e.g., Isard, 1975; Haynes and Fotheringham,
1984). Geographers recognize that answers to research questions are frequently scale-dependent. Yet this
principle and its ramifications for understanding phenomena and processes in a geographic scale continuum are
not well recognized in the broader natural and social science communities, ecology being a notable exception.
Why this is so reflects, in part, inadequate efforts by geographers and other spatial scientists to distill from their
work the implications of scalar rules for major problems in science.

One impediment to understanding phenomena and processes in a geographic scale continuum is that they
may be hierarchically nested in complex ways. For example, movements in the U.S. prime interest rate may
trigger changes in international money markets, which in turn are filtered through various national economies
into local economic decision making. The sheer complexity of these relationships strongly suggests that
interactions across scale are not linear but involve thresholds and abrupt jumps between different conditions and
outcomes and that outcomes vary considerably by locale and region.

Another impediment to understanding phenomena and processes in the scale continuum is the paucity of
comparable georeferenced information at different scales. This problem has two components. The first is a
problem of observation. There are simply not enough geographers—or scientists in any field—collecting data on
local processes, and direct observations of nonlocal processes are rarely feasible. Remote sensing technology has
had a dramatic impact on the ability to conduct analyses at multiple spatial and temporal scales, but not all data
collection can be done by remote methods, as discussed in Chapter 4 (see Figure 7.1). Beyond observation,
multiscale analysis poses fundamental problems of generalization. When data are collected independently at
different scales of analysis, decisions must be made about the nature and scale of the data to be collected, and
methods must exist to automatically transform that information so that it can be used at other scales.

A number of research communities are looking to geography for the scalar rules to guide multiscale
analyses (IGBP, 1994; NRC, 1994; USGCRP, 1994). Many of the guiding principles logically rest within
geography's intellectual domain, but the insights need to be sharpened, articulated, and presented in ways that are
relevant to the larger scientific community. Despite evidence of a growing interest in scale within geography,
much remains to be done in developing general conceptualizations of how processes at different scales affect one
another and in developing quantitative and qualitative methods for identifying and analyzing such processes.
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Figure 7.1

Geographic data are collected at many different scales by many different methods. This figure illustrates the scale
dependence of several data collection methods, ranging from direct observation through fieldwork to merged
images obtained from multiple sensor systems on satellites. On each of the plots above, the horizontal axis
represents the temporal scale and the vertical axis represents the spatial scale of observation. The shaded areas
indicate the range of spatial and temporal scales over which data can be collected for each method of observation.
Source: MacEachren et al. (1992, p. 123).
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Comparative Studies Using Longitudinal Data

Research on social and biophysical issues must confront two realities: (1) as noted above, processes
operating at different spatial scales are intimately but not straightforwardly connected and (2) their outcomes
vary widely across space depending on the context (i.e., local conditions) in which they operate. Connectedness
and context cannot be addressed adequately unless they are studied together. Moreover, they cannot be
understood without considering changes over time, including nonlinear, lag, and feedback effects.

Comparative studies across time are required to advance our understanding of a wide range of geographic
problems such as ethnic conflict, demographic change, economic restructuring, and human response to global
climate change (e.g., Parry et al., 1988; Mikesell and Murphy, 1991; NRC, 1992a; USGCRP, 1994).
Comparative longitudinal studies do far more than demonstrate the existence of variation across time; they are
essential to understanding local and regional sources and the implications of globally aggregate (e.g., population
growth) or globally systemic (e.g., climate change) processes.

Geography has long engaged in comparative studies through its analyses of place and its analyses of topical
or thematic issues across different places (see Chapter 3). Both approaches have been valuable. However, there
is a clear need for more systematic comparative case-study analyses, utilizing both quantitative and qualitative
approaches, that extend to larger temporal and spatial domains.

Comparative studies of global scale processes will require sustained and coordinated attention from
multidisciplinary teams of geographers and experts from allied natural and social science fields. With a few
notable exceptions, geography does not have an established tradition of team research, partly because much
geographic research is carried out at more restricted spatial and temporal scales and partly because of a general
lack of research support for sustained, team-based work. Adjustments in the research culture and research
support systems will be required in order to effectively tackle such work.

To enable comparative studies, methods of geographic representation need to be developed that explicitly
address the temporal, as well as the spatial, dimensions of research problems. Research on spatiotemporal
representation in the context of GISs and geographic visualization is presently at an early stage (see Chapter 4).
Advances in representational theory are needed to incorporate change as a fundamental component of geographic
information, rather than as an irregularity that must be smoothed over in order to complete an analysis—as is
currently the case, for example, in the enumeration of boundary changes in most GISs. There is a critical need to
develop data structures for GISs to support temporal modeling and visualization for longitudinal analysis of
global scale problems. Success in this endeavor will require close collaborations between specialists in
representational theory and topical specialists with knowledge of particular problems and information sources.
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Impacts of New Geographic Technologies on Decision Making

As outlined in Chapter 4, the past decade has seen a dramatic improvement in technologies designed to
store, manipulate, analyze, and display geographic information. The switch from paper maps and tables to digital
georeferenced information, including orthophotos and other types of images, has profound implications for
decision making.

Geographers have long been active at the "front end" of technological developments, and, in large part
because of their efforts, the usefulness and sophistication of technologies have increased significantly over the
past decade. Indeed, the sophistication of these technologies has grown to the point that geographic training is
necessary to use them to their full advantage. As technology moves from the research laboratory to the
workplace, geographers will need to become more involved in the "back-end" of technological applications. The
issues here include helping users understand both the potential and limits of technology, helping users
understand the impacts of these technologies on decision making itself, and understanding user conceptions of
problems to which the technologies are being addressed, as well as of the world being modeled by these
technologies. In relation to the latter, geographers need to identify mismatches between the ways in which people
understand the world and the ways in which aspects of the world are modeled and presented through geographic
technology. More generally, formal models of common-sense geographic concepts are needed as a basis for the
design of more intuitive user interfaces to geographic technologies.

Geographers also need to work with users to be certain that new geographic technologies are matched to
applications in appropriate ways. Geographers can help users address such practical questions as the following:
What geographic models (e.g., location-allocation models) and tools need to be incorporated into GIS software
to support decision making? What are the implications for decision making of different degrees of reliability in
the data layers of a GIS? How do the visual depictions from a GIS shape decision making strategies? If
geographers do not become involved in these very practical but important issues, there is a risk that appropriate
tools will not be used where they can be of help and that inappropriate uses will be made of the tools that are
available. It is a high priority, therefore, not only to increase the level of effort being devoted to these back-end
issues but also to increase the knowledge base from which this assistance proceeds.

Geographic Learning

The inclusion of geography as a core subject in the Educate America Act (see Chapter 1) reflects a
widespread acceptance among the people of the United States that being literate in geography is essential for
being an informed and responsible citizen. With the act's emphasis on curricular issues, however, it is
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easy to forget that little is known about how individuals acquire geographic understanding or which pedagogic
approaches offer the most promise (Downs, 1994). Geographers need to become involved in addressing a variety
of such fundamental questions about geographic learning. For example, they can help define what it means to be
geographically literate, how geography can be taught most effectively over a range of educational levels, and
how the effectiveness of learning can be assessed.

For studies of geographic learning to have impact, they must go beyond the single-case examples that
currently dominate the literature in geography and education. Geography needs empirical data to address
questions about education standards, curriculum design, materials development, teaching strategies, and
assessment procedures. More broadly, the discipline needs (1) baseline studies of the current state of geographic
education, (2) an agenda to shape a systematic program of research in geographic learning and geography
education, and (3) a support system to ensure that this program is carried out and that the results are disseminated.

PROMOTING GEOGRAPHIC COMPETENCY IN THE GENERAL POPULATION

Geography's potential contributions to intellectual and social discourse in the United States cannot be
realized solely through academic research. Consideration also must be given to ways of expanding the
geographic competency of the general population—many of whom have little idea of what geography is, much
less an understanding of its key concepts and tools—and of ensuring that the geographic content and skills being
taught are sound. Increasing the competency of the general population will require an expansion of opportunities
for geographic learning in elementary and secondary schools, in community and technical colleges, and in four-
year colleges and universities and among people who are outside the mainstream educational structure.

The primary role of geography as a science in expanding educational opportunities is to ensure that
geographic education and learning are built on a solid base of knowledge. The challenges in this regard are
twofold. First, geography as a research discipline needs to communicate its knowledge to teachers and other
users as effectively as possible and, when useful new knowledge is developed, as quickly as possible through
alliances of professional geographers and teachers. Many such alliances exist now,’ but they need to be
expanded and strengthened. Second, geography as a research discipline must be responsive to users' needs for
new scientific knowledge. Research agendas must reflect social needs as

7 A notable example is the National Geographic Society Alliance Network, which was established in 1986 and now
involves some 160,000 participants in all 50 states, the District of Columbia, Puerto Rico, and Ontario (Geography Education
Standards Project, 1994).
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well as investigator curiosity if geography is to promote widespread geographic competency and associated
human well-being.

Geographic Competency Among Primary and Secondary School Students

Nothing is more vital to strengthening the foundations of geography than the improvement of geography
education in primary and secondary schools. It has become increasingly apparent in recent years that geography
education at these levels is usually woefully inadequate, where it exists at all. An effective response will require
that substantially more geographic information and reasoning be taught in and out of the classroom (Geography
Education Standards Project, 1994). School-based activities, trips, and clubs can encourage greater knowledge.
Outside school, news media, broadcast and print entertainment, self-instruction courses, and computer software
can serve the same end. The development of an advanced placement college-entry course and examination in
geography could also increase the quantity and level of demand for high school geography education. The
greatest challenge is the human dimension: training teachers, many of whom have had no coursework in
geography. An additional challenge is incorporating the best geographic knowledge in readily available,
understandable educational materials, especially where recent developments are concerned—for instance, on
global change issues, most of which have become prominent since the late 1980s.

In devising ways of infusing geography into the curriculum of the nation's schools, it is important to
consider ways to reach as broad a spectrum of students as possible. The National Geography Bee draws 6 million
participants. The state winners are mostly white males from suburban and rural areas, which indicates the need to
make the study of geography more exciting and interesting to females and minority students. The National
Science Foundation's support of elementary hands-on science programs may change these patterns, and
university-sponsored GIS institutes for aspiring young geographers, both males and females, may help broaden
the appeal of geography. Indeed, a minority recruitment initiative launched by the Association of American
Geographers in the early 1990s has been highly successful. With support from the U.S. Department of
Education, undergraduate minority students participated in summer geography institutes and visited graduate
geography programs. More than 50 percent of these students went on to pursue degrees in geography. It is
essential to build on these efforts if geography is to break out of a pattern that has led to a substantial
underrepresentation of women and minorities in the discipline (Shrestha and Davis, 1989; Lee, 1990; Janelle,
1992).

The rapidly expanding demand for geography instruction in the nation's schools has significant and far-
reaching implications for the discipline. Academic geographers will be expected to provide in-service training
for current teachers
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and assistance with curriculum development for school systems, undergraduate and graduate training for aspiring
teachers, new and redesigned undergraduate and graduate geography courses to accommodate incoming students
with substantial high school backgrounds in geography, and a new generation of teaching and learning materials
to support this enterprise.

Geographic Competency Among Community and Technical College Students

As Americans seek to adjust to changing economic and technological circumstances, many are looking to
community colleges and postsecondary technical schools for education and training. Many others, daunted by the
costs of four-year colleges or seeking to advance their education after years away from school, are flocking to
community colleges. Community colleges have often been seen as transitional institutions rather than as sites for
basic competence attainment, and technical schools have often lagged behind rapidly changing needs for new
training and skills. As a result, many disciplines, including geography, have had limited penetration into these
institutions. With so many students looking to community colleges and technical schools for retraining and
education, however, and with many institutions broadening their programs to meet more comprehensive
educational needs, community and technical colleges could play a significant role in enhancing the geographic
competency of the general population.

It follows, then, that an important initiative for geography is to foster more and better geographic instruction
in the nation's community colleges and technical schools. At the community college level, programs could be
instituted that will help students develop the distinctive geographic competencies needed to function in a global
economy and a rapidly changing environment. Technical schools have the opportunity to develop geographic
understanding and to prepare students to make effective use of new geographic technologies, including GISs,
global positioning systems (GPSs), and computer mapping programs. The goal of these efforts should be to
produce a group of community college and technical school graduates who are in a position to think
geographically in their daily lives and to employ geographic technologies in specific vocational endeavors.

Geographic Competency Among College and University Students

Both as citizens and as participants in the labor force, university and college graduates are confronting
issues and problems that require geographic knowledge and perspectives—ranging from local impacts of global
economic change to the effects of changing national demographics on the U.S. economy and the environment.
Yet there is little evidence that many of this nation's best-educated citizens are aware of how geographic
perspectives would be useful to them.

To address this problem, efforts need to be made to ensure that college and
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university students have access to geography courses and perspectives that go beyond a concern with "where
things are" to provide a basic conceptual and analytical grounding in the spatial and environmental dimensions
of human and physical processes. The problems of meeting this demand are formidable, given the current
institutional status of the discipline and fiscal constraints that confront higher education in the United States.
Despite such institutional obstacles, efforts must be made to increase the availability of geography in the nation's
colleges and universities. Otherwise, many of this nation's best-educated citizens will lack the factual
background and analytical tools to confront the challenges presented by "a warmer, more crowded, more
connected but more diverse world" (Kates, 1994a, p. 1-2).

Geographic Competency Among Those Outside the Education Establishment

A large portion of the U.S. population will be untouched by curricular reforms in the nation's schools and
universities: those who have completed their education or who otherwise fall outside the mainstream educational
structure. Exposure to geography will help these individuals to exercise their responsibilities as citizens in a
nation struggling with problems that have strong geographic underpinnings, ranging from urban crime to the role
of the United States in distant conflicts. Training in geography will also promote an appreciation for the physical
and social environments in which people live and work and an awareness of the environmental consequences of
individual activities and actions.

If this nation is to avoid a lag of at least one generation in public awareness of geography, the discipline of
geography must provide opportunities for learning in nontraditional settings such as adult education programs
and community centers. The discipline also needs to explore ways of bringing geographic perspectives into
government agencies, planning boards, and private businesses, so that decision makers will be aware of the
geographic dimensions of the issues they face.

IMPROVING THE TRAINING OF GEOGRAPHERS IN COLLEGES AND UNIVERSITIES

This report has outlined a number of important contributions by geography to scientific and decision
making issues. When these issues are considered alongside major social trends that are shaping the
postsecondary educational environment—decreasing faculty-student ratios, the growing diversity of student
populations, and the trend toward early specialization—the need for new approaches to training geographers at
the college level becomes apparent. The following section focuses on ways to increase the quality of geography
training by improving interactions within the discipline and increasing outreach to other disciplines. The last
section
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focuses on teaching approaches and emphases to prepare geographers to contribute more effectively to scientific
research and policy making.

Improving Interactions and Outreach

Interaction Among Subspecialties Within Departments

Increased specialization is a well-established trend in science, higher education, and society at large. Such
specialization is frequently necessary to prepare students for further graduate and postgraduate training, but it
should not undermine one of the most important characteristics of undergraduate education in this country:
preparation for a lifetime of critical analysis, flexible work, and continuous learning—characteristics needed
urgently in times of rapid change.

Despite geography's fundamentally integrative character, increased specialization has occurred at the
expense of the common core learning that once existed across the field's subspecialties in both graduate and
undergraduate education. As a consequence, the discipline's strengths in the integration of natural and social
sciences in place, space, and time have been lessened, and the discipline's distinctive contributions to liberal
education and geographic competency have been concomitantly reduced.

Specialization at the undergraduate level in geography needs to be balanced with opportunities for exposure
to different geographic subspecialties in ways that simultaneously reinforce the best qualities of liberal
education, prepare students for advanced training, and give all students exposure to geographic research and
exploration. The establishment of a more equitable balance between specialization and generalization will
require lowering the walls that now exist between subspecialties in many departments.

To this end, several approaches deserve consideration. For instance, a number of geographers have designed
courses that cut across the boundaries of traditional subspecialties (e.g., see Sidebar 7. 1). These efforts could be
built on and disseminated through the geography community. Similarly, physical and human geographers could
be encouraged to team-teach courses and to organize seminars and symposia that bridge their subspecialties.
Graduate students could be encouraged (or required) to obtain input from faculty outside their subspecialties
when designing their thesis and dissertation research programs, and students and faculty could be encouraged to
present the results of their research in department-wide colloquia. All of these changes could be made relatively
quickly by departments without significant new resources.

Interaction Among Specialists Working in Different Universities

Faculty size in the top departments of geography in the United States is small relative to other natural and
social science disciplines (see footnote 3),
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despite the fact that the breadth of subject matter of geography is as large as, if not larger than, that of most
other disciplines. As a consequence, geography departments have often had to sacrifice depth of coverage in
selected subdisciplines in order to maintain breadth of coverage across subspecialties. Yet depth of coverage is
essential to conducting cutting-edge research, particularly in departments with Ph.D. programs. One way to
obtain depth without increasing department size is to emphasize more team-based, interdisciplinary work within
and across institutions, which many geographers now accomplish through interdisciplinary institutes and centers.
Another way is to adopt procedures used by organizations such as the National Center for Geographic
Information and Analysis, in which groups of fellow specialists from different institutions are established to
overview and guide specific research ventures.

Diversity in Students and Perspectives

Colleges and universities throughout the United States are witnessing several dramatic changes in their
students: they are older, they often transfer from community colleges, and they have more diverse backgrounds.
Very shortly, these individuals also will bring with them far better precollege preparation in geography, and they
will be more proficient in the use of information technologies. To provide role models for this increasingly
diverse group of students, colleges and universities will be hard pressed—for example, to tap an extremely
limited pipeline of talent among minorities. This underrepresentation of minorities in the discipline (see footnote
6) is mirrored in the present student population. Yet in the years ahead a growing number of minority students
will be coming from schools with enriched geography offerings, as a result of several developments: the new
emphasis on geography as a core subject in precollege education (see Chapter 1), the implementation of
precollege geography standards (Geography Education Standards Project, 1994), and more effective teacher
training provided by alliances such as the National Geographic Society Alliance. These students will bring with
them a mind-set attuned to concerns about the environment; they will be comfortable with CD-ROMs; they will
be familiar with cyberspace; and, perhaps most importantly, they will be increasingly sensitive to issues of
diversity, whether they come from New Delhi, downtown Baltimore, Nairobi, Quito, or Miami.

Geography has a tremendous opportunity to benefit from the diverse perspectives and backgrounds that
these students will bring to higher education. Yet much of geography is not yet ready to embrace this diversity,
despite the substantial headway that critical social theory has made in academic human geography. Too often,
the geography that is taught in colleges and universities places "otherness" in contrast to middle-class, temperate-
zone, North American norms. This tendency is by no means unique to geography, but it has the potential to
alienate some students from formal or informal study of the field.
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If geography is to draw on the breadth, talent, and insights of students attending U.S. colleges and
universities today, it must devise ways of reaching out to those from "other" communities. The geographic
approaches outlined in this report have the potential to engage a broad range of individuals and give them the
power to interpret and understand environmental, economic, and political events that affect all of humankind. If
the growing number of these well-prepared students can be recruited for geography courses, they could bring
new and important insights to studies of problems that have a profoundly significant impact on all peoples.

Geography's concern with diversity must extend to women as well. The number of women attracted to the
discipline has risen markedly in recent years, but women are still greatly underrepresented in more senior faculty
positions (footnote 6). There must be a continued commitment on the part of faculty and administrators to recruit
and promote qualified women to senior positions.

Improving Teaching and Learning

Interactive Learning Technology

College students currently taking introductory geography share one commonality: many have never had a
geography course and know little about the field. Most precollege teachers lack strong preparation in geography.
If they are to become more effective geography teachers, they will need new teaching tools to help them
incorporate geography into their courses. Computer and telecommunications technologies provide powerful
interactive learning tools to address this need. Such tools can help teachers develop the background knowledge
necessary for effective instruction and can give students a chance to learn and experiment at their own pace and
in creative ways.

Efforts are already under way to develop interactive learning tools for instruction at the high school level
(see Sidebar 7.2). Such tools have the potential to help fill a major gap in the U.S. education system—the paucity
of trained geography teachers—by offering approaches to learning that embed instruction in computer software.
Although interactive learning has the potential to enhance and individualize learning in all disciplines, it has
particular applicability to instruction in geography owing to the spatial and scalar nature of many geographic
problems (see Chapter 3). The traditional concern with space and place requires effective cartographic depiction
along with other visual representations such as graphs, photos, and remotely sensed images. Geography also
emphasizes processes occurring in and across space and through time. Process is particularly hard to illustrate
with words and static images. The technology that makes interactive learning modules possible also facilitates
the dynamic depiction of process.

Interactive learning tools are most effective when they are coupled with multimedia classrooms that allow
teachers and students to work as a group.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

STRENGTHENING GEOGRAPHY'S FOUNDATIONS 156

Traditional presentations of technical topics such as map projections can be infused with life by the simple
expedient of having the spherical Earth transform into flat maps of various projections before students' eyes.
Explanations of the Coriolis force in physical geography or processes of disease diffusion in human geography
can be made immediately comprehensible through dynamic visual presentations. The same multimedia
classroom tools can be used to instruct students in the use of interactive learning modules that build on
classroom presentations.

Regional Knowledge and Expertise

What are the major social ramifications of economic restructuring in Eastern Europe? What is the future of
democratization in Latin America? What forces
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are encouraging the growth of Islamic fundamentalism in the Middle East and North Africa? Questions of this
sort are of concern to both scientists and decision makers, and broad-based efforts to address them often draw on
the expertise of regional specialists.

CUMITED BTATES
Waars 1330 Cure.

FIGURE 7.3 Sample screen from GeoSim's International Population Module,
GeoSim is produced by the Departments of Geography and Computer Science,
Virginia Polytechnic Institute and State University, Blacksburg.

The long-standing tradition of foreign-area research and foreign-area field-work in geography has served
the discipline well in terms of its involvement in regional study programs at colleges and universities. It is less
clear whether this tradition has been as successful beyond these institutions. Geographers appear to be less well
represented on major interdisciplinary boards and committees on geographic regions, such as the Social Science
Research Council (SSRC)® or in

8 The SSRC organizes workshops and symposia and funds joint research projects of scholars working on regional problems.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

STRENGTHENING GEOGRAPHY'S FOUNDATIONS 158

government-sponsored activities specifically designated as regionally focused. Part of the explanation may
involve geography's weak connections with the political science community, which strongly influences certain
kinds of regional programs, and with institutions of higher learning that have historically fed the U.S.
Department of State and other government agencies using regional expertise. At any rate, few geographers have
participated in the regional programs of the SSRC, and individuals with geographic training are not consistently
represented on SSRC panels. They are also conspicuously lacking from a wide range of other federal and private
scientific and policy initiatives that focus on regional issues.

Another reason for geography's poor representation may be that relatively few early-career U.S.
geographers define their specialties in regional terms. Foreign students account for many of the dissertations that
focus on foreign areas in U.S. geography graduate programs. Substantial percentages of these students return to
their home countries after completing their studies (Turner and Varlyguin, 1995). Moreover, the declining
number of articles submitted to major professional journals that deal with developments in foreign regions
(Rundstrom and Kenzer, 1989; Brunn, 1995) suggests that students doing foreign-area dissertation research
switch to other topics after graduation or focus on topical problems at the expense of larger regional
developments. Whatever the causes, one of the important learning challenges facing geography is to expand the
number of geographers who can contribute to broad-based scholarly and policy initiatives focused on regional
issues.

In pursuit of this end, geography needs to consider ways of nurturing students' interest in regional
developments and problems and of honing their abilities to analyze such problems using geographic concepts
and tools. There are two intertwined needs here. One is to train a significant contingent of geographers in the
history, languages, institutions, social practices, and environmental processes of particular world regions so that
they can address a wide spectrum of regional issues and problems. In many cases, of course, this raises a further
need: financial support in order to spend periods of residence in a region. The second need is to bring the
concepts and analytical insights of geography to bear on such regionally focused, multidisciplinary issues as
ethnic strife, global economic change, and urban population growth in developing countries.

Geographers are already beginning to respond to these challenges. Interest in regional geography is on the
rise, as evidenced by the growth in membership of some of the regionally focused specialty groups of the
Association of American Geographers. If these trends continue, geographers are likely to play a greater role in
the years ahead in regional programs such as those of the SSRC. It is far from certain that this will happen,
however. Geographic considerations are likely to remain marginalized in many efforts to comprehend regional
issues unless there are a substantial number of geographers with sufficient interest and training
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to understand particular regions—and to raise evocative geographic questions about them. In turn, such efforts
would be impoverished by the lack of geographic insight.

Field Exploration and Discovery

The recent development of global databases and remote sensing technologies has tended to direct attention
away from fieldwork as an element of geographic research. Rather than making fieldwork obsolete, however,
these developments have led to new questions about the meaning and significance of data, about the geographic
patterns that underlie and influence data, and about the gaps and shortcomings in databases and technologies for
data acquisition (see Chapter 4).

Fieldwork is not only important as a check on datasets and remote sensing imagery; there are enormously
important forces at work shaping the geography of the planet that are unlikely to be understood unless one
ventures into the field. Many critical issues in physical geography cannot be addressed by using existing data
sources and imagery. For instance, most of what is known about vegetation history during the Quaternary, the
dynamics of forests, and the behavior of stream channels comes from systematic fieldwork. Moreover, additional
field studies offer the greatest potential for expanding our understanding of these topics in the future. In the
human arena, for example, no data sources exist on the role of the "overseas Chinese" in the economy of
Southeast Asia or the cultural norms that lead various groups in the Nepalese highlands to adopt different land-
use strategies. Sole reliance on secondary data sources for investigating social and political developments can
produce significant gaps and omissions in research and understanding. Because most economic and political data
are nation specific, the development of links between regions on either side of international boundaries—for
example, in the Mekong River basin—is likely to be overlooked if geographers rely solely on published data.
Most fundamentally, of course, the kinds of spatial variations addressed by geographers are more complex than
the boundaries that define most available data.

There is a real need, then, for geography to build on and expand its tradition of fieldwork. Students need to
be exposed to field studies and encouraged to develop their powers of observation and analysis in the field.
Beyond its importance for research, encouraging fieldwork has several potential side benefits. One is to engage
student interest. Many academic geographers were attracted to the discipline by its real world focus, its concern
with what one geographer has called "the world you can kick." Incorporating field studies into geography
courses is likely to attract students who are interested in connecting the world of the mind with the concrete
world in which they live. Moreover, opening up field experiences to students can enhance their understanding of
the complexity of the world and heighten their appreciation for the geographic consequences of decisions and
actions.
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New Geographic Technologies and Data Sources

The discipline of geography is in a period of transition from a past where geographic information was
transmitted in the form of paper maps to a future in which most geographic information will be transmitted
through digital information systems. The early signs of this transition can be seen in the dissemination of satellite
images of cloud cover and other meteorological/climatological data on the Internet. A stream of new
technologies such as GPSs will provide georeferenced information on a great variety of activities about which
little is presently known. Vast quantities of new digital information about the Earth and its peoples are becoming
available, and national and international standards for spatial data exchange are being developed and adopted.
Geographers need to learn about these spatial information sources and understand how to use them appropriately
in their work. Academic geographers also need to consider how new technologies and data sources will create
new opportunities for collaborations with the private sector.

If geography is to meet the challenges of rapid technological change, steps must be taken to familiarize
students with new technologies for data analysis and display. The past two decades have seen an explosion in
computing power and the ability to process and store data. Technology now plays a preeminent role in a wide
range of geographic research. In the environmental arena, for example, parallel processing technologies have
opened new possibilities for addressing computationally intensive problems such as global climate change. A
broad array of data representing the physical world consists of point samples representing surface or volumetric
phenomena. Geographers, and others, have developed successful algorithms for interpolation of surfaces and
volumes from such data. Continued advances of this sort will require a substantial coterie of geographers who
understand new technologies and can use them effectively.

There are also general computer hardware, software, and networking issues that point to the need for
increased technical competence in the discipline. Geographers have come to rely on digital communications
networks to support both research and instructional efforts. They also actively use this technology to disseminate
information to the broader science and applications communities. For example, the geographic information
system listserve (GIS-L) is reported to have a national and international readership exceeding 20,000—almost
three times the size of the Association of American Geographers. As the use of digital libraries and such digital
information exchange tools as the World Wide Web becomes more common, the importance of technological
literacy in the profession becomes obvious. Geographers need to be trained to understand the logic of data
processing and networking so that new technologies can be exploited to their maximum potential in the service
of geographic research and teaching.
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8

Rediscovering Geography: Conclusions and Recommendations

The preceding chapters have offered a number of observations about, challenges to, and strategies for
realizing geography's potential to contribute to scientific understanding and societal problem solving in the
United States. In this final chapter the committee summarizes its conclusions and recommendations on steps to
improve geographic understanding, improve geographic literacy, strengthen geographic institutions, and take
individual and collective responsibility for strengthening the discipline.

IMPROVING GEOGRAPHIC UNDERSTANDING

Clearly, geography has too few answers to the questions being posed to it by society, although its potential
to answer those questions is considerable. At the same time, geography is being asked too few questions by the
other sciences. On the one hand, the demands of society are too large for the current capabilities of the discipline;
on the other hand, the demands from other scientific disciplines are too small. Because geography's ability to
respond to society's needs depends considerably on its strength as a science, and its strength as a science depends
considerably on its support from the family of sciences, this contradiction is a matter of serious concern to the
committee.

Given society's enhanced interest in geography as a subject, it is essential to improve the knowledge base of
geography as a discipline related to critical issues for science and society, to increase the appreciation and use of
geographic perspectives in science and society at large, and to treat geographic learning as
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a challenge to science as well as to practice. Based on the foundation laid in Chapters 1 through 7, the committee
concludes that responses by the discipline and by its external constituencies are needed to:

Improve geographic analysis in a new era of data and analytical tool availability, related to broader
needs of science. Geography has made remarkable advances in its analytical capabilities during the last
generation, but it faces significant challenges in responding to the emergence of new data types and
analytical needs. For instance, certain types of georeferenced data (e.g., census tract data) are now
available in such great and rapidly expanding quantities that they threaten to swamp thoughtful analysis,
especially by untrained users. Moreover, the availability of large quantities of data tends to mask a
broader underlying problem: namely, that data availability is not always well matched to data needs.
Improved capabilities for data collection and analysis should therefore be high on the discipline's
research agenda.

Geographers must also improve the practice of relating the "front end" of geographic analysis—
conceptualization and data selection/sampling design—with "back-end" modeling and analysis. Without
thoughtful and intellectually robust linkages between these two elements of the research enterprise,
geographic analysis will be inherently incomplete. At least as important, the capacity of geographic
analysis to address issues of complex systems and nonlinear dynamics needs to be improved in order to
fulfill geography's potential to contribute to the body of science. The improvement of capabilities for
data collection and analysis should therefore be high on the discipline's research agenda.

In addition, it is important to recognize the value of utilizing a variety of methodologies in seeking
better understandings of the world, combining geography's characteristic appreciation of diversity with
its recognition that there is no single "foolproof method" for producing knowledge.

A particular challenge is that of analyzing and modeling relationships among natural science and

human science phenomena and processes, which are so often separated by boundaries of epistemology,
professional specialization, data categories, and units of measurement. Besides the technical challenges,
such as relating economic and ecological indicators, this is also a challenge to individual scientists to
transcend conventional boundaries for understandings of other kinds of processes and linkages.
Develop integrative, interdisciplinary, relatively large geographic research initiatives in response to
priorities of science and society. If geography is to increase its contributions to science and society, it
must learn to think more broadly and to respond to science agendas set beyond the confines of the
discipline. When this course has been followed, the utilization of geography's perspectives and
knowledge base has increased immeasurably. The National Center for Geographic Information and
Analysis, for example, has reinforced geography's core role in a mode of analysis and techniques that
are not only at the forefront of
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various national and international agency agendas (e.g., National Aeronautics and Space
Administration, Census Bureau) but that are also being adopted throughout many natural and social
sciences.

Geography as a discipline should devote more attention to the development of larger, integrative,
interdisciplinary research projects, particularly projects that would benefit from the collaboration of
physical and human geographers or those who develop methods of spatial representation and those who
apply those methods, both within the discipline and beyond; and more of this research should be
directed at high priority issues for society and science. An example of a research issue suited to both of
these emphases is global change, broadly defined (see Chapter 7). In this and other cases, geography's
ability to contribute on the basis of sound scientific research will often depend on the availability of
valid longitudinal information covering the diverse topics incorporated in the discipline's perspectives.

* Increase the use of geographic perspectives to provide scientific insights that may not be achieved in
other ways. Geography's spatial approaches (see Chapter 3) increasingly influence research in many
fields beyond geography. In addition to geography's contributions to subject-matter knowledge as such,
its way of thinking and its skills in understanding visual representation should also be utilized more
often throughout science to improve scientific understanding. Individual geographers should therefore
become more engaged in interdisciplinary research activities that bring such geographic perspectives
and tools to bear on important scientific and societal questions.

* Increase linkages between geographic research and geographic education, by emphasizing research on
geographic learning. If geography is to be an effective contributor to improving the knowledge base in
schools, and reach out to America's adult population, it needs to undertake research on how geographic
learning takes place. Besides its general value for education, such research will help assure that
geography's perspectives and skills are used by colleagues in other sciences, who often are engaged in
geographic learning themselves. Research attention also is needed to address what geographic literacy
means and how it can be facilitated. The results of such research will strengthen decision making
related to education standards, curriculum and materials design, and assessment.

IMPROVING GEOGRAPHIC LITERACY

Geography is being asked by the nation to help improve the geographic literacy of the U.S. population:
knowledge of the world and flows within it, characteristics and dynamics of places, relations between local and
global changes, relationships between people and their environment, and uses of geographic data and capabilities
for data display and analysis. To respond effectively, the committee concludes that steps are needed to:
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o Implement programs to support and assure the quality of the science content in kindergarten through
grade 12 (K-12) geography education. Although the committee did not evaluate the current state of
geography education in America's schools, it shares the widespread impression that this education is not
up to world standards (e.g., see Chapter 1). If geography education is to receive substantially more
attention in the nation's schools, it is important for geography as a discipline to assure that the
educational content is sound and current. This calls for initiatives to improve both teacher training and
educational materials, with specific attention to student performance and curriculum.

e Foster conceptually sound general education courses in geography as part of a liberal arts college
education. Beyond the K-12 level of education, geography should be contributing more effectively to
the training of students at the college level, whether or not they are geography majors. Courses in
geography should emphasize the discipline's perspectives and skills as well as its subject matter. An
American student with a liberal arts higher education, whether from a university or a technical/
community college, should be geographically competent—knowledgeable about the world and able to
use geography's perspectives and skills in the workplace and in life.

* Develop programs that bring geographic perspectives to bear more effectively on business, government,
and other organizations at national to community levels. Clearly, the United States cannot wait a
generation—until geographically literate students move into positions of responsibility—to utilize
geography to improve decision making and social well-being. Improvements are needed now. To this
end, improved linkages are required between geography's professional practitioners and prospective
users of its perspectives in business, government, and other organizations at all scales.

» Use existing institutional bases to expand access by the U.S. population to geography. The effective use
of geography's perspectives by decision makers in this democratic society will depend substantially on a
higher level of geographic literacy throughout the country's population. This challenge involves at least
two elements: getting the information out and getting people to use it. For geography as a research
discipline, the main responsibility is getting the science right, in terms of substantive content and
interactive communication. But geographic ignorance in the United States probably cannot be reduced
significantly without strong collaboration among a variety of concerned parties, including geography's
organizations, government at several levels, business, nongovernmental interest groups, and the
information media. In particular, progress is likely to depend on whether or not the nation's private
sector sees geographic literacy as a business opportunity. Strong linkages are needed between
professional geography and the business firms that might undertake such an effort, in order to reduce
the costs to business of getting geographic information and insights into the marketplace rapidly and to
assure that the products and services are sound as well as attractive.
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STRENGTHENING GEOGRAPHIC INSTITUTIONS

To meet its scientific and societal responsibilities, as outlined in this report, geography as a discipline needs
to change, with the support and encouragement of its institutional patrons. The most fundamental problem is one
of magnitude: geography's small size relative to demands for its services, broadly defined. But the discipline
needs to address itself to problems of substance as well, related both to its traditions and to new directions in
response to changing conditions. To these ends, the committee concludes that initiatives are needed to:

* Rediscover traditional strengths of geography. Much of the recent external interest in geography has
been focused on disciplinary traditions that are considered by many geographers to be more
characteristic of the past than the future: integrative knowledge, regional knowledge, and field
discovery. Geography as a discipline needs to reexamine these traditional strengths, reconsider their
intellectual and societal relevance, and expand the attention devoted to them in research and teaching.

* Discover and pursue new directions for geography. As geography rediscovers its traditions, it also
needs to focus on new directions that are essential if the discipline is to remain relevant into the next
generation. Directions needing increased emphasis include connections with critical issues for society,
involvement in intellectual challenges to science at large (e.g., analyzing and understanding complex
dynamics), and the pursuit of opportunities for interactive learning as a challenge for both research and
teaching. Several of these directions were addressed earlier in connection with programs to bring
geographic perspectives to bear in business, government, and other institutions.

* Expand geography's resources and reach, reconciling supply and demand. All of the conclusions listed
above ask that geography do more in the future than in the past. The most profound problem, and in
many ways the most urgent, is that geography is being asked to increase its contributions to science and
society at a rate unprecedented in the discipline's history in the United States, yet it remains a small
academic discipline situated in educational institutions with very limited capacities for expansion. In
terms of geography's reach, it is being asked to strengthen K-12 education and improve the geographic
literacy of the general population and major decision making institutions. In addition, its perspectives
and skills have new relevance for many multidisciplinary research goals and for science in general, and
the discipline needs to match expanded educational roles with expanded research roles in order to
maintain a healthy balance as a science. But its human and financial resources in universities,
departments, and external sources of research funding are painfully limited—and already strained
nearly to the limit in many cases. One key to resolving this mismatch between reach and resources is
governmental support, especially as a catalyst for change in the near term (support that should not be
equated simply
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with more money). In the longer term, however, the key may be to attract other external sources of
support, including foundations and the private sector.

Progress in these regards is likely to depend as much on initiatives arising from within the discipline
than on external initiatives. Simply stated, geography needs to do a better job of identifying users of its
knowledge and techniques—and in estimating demand levels, demand trends, supply priorities, and
supply strategies—in order to develop strategies to increase its external resource support. Considering
the critical roles of external demands and resources in shaping such a prospect, however, this vision
cannot be developed by geography in isolation. As indicated in Chapter 1, geography is a means to
social ends, not an end in itself; and its plan for expanding its resource base must be consistent with
those ends and the societal resources allocated to reach them.

An example of a specific issue is the growing dependence of effective geographic research and
teaching on capital equipment. Except for physical geography and cartography, geography departments
in colleges and universities have generally not needed significant equipment budgets in the past. At
least partly as a result, the impacts of the technological revolution described in Chapters 4 and 7 have
been virtually impossible to accommodate within current institutional concepts of departmental
budgeting. In addition, the shorter effective lifetime of higher-technology equipment calls for budgets
for regular replacement as well as for base-level capital stock.

o Alter faculty reward structures in universities, colleges, and geography departments. Reward structures
need to recognize the importance of long-term, collaborative research; geographic education, including
scholarly contributions to geographic learning; contributions to societal problem solving; and
interdisciplinary interaction, including working and publishing with colleagues in other disciplines.

TAKING INDIVIDUAL AND COLLECTIVE RESPONSIBILITY FOR STRENGTHENING
THE DISCIPLINE

Finally, geographers need to recognize that they also have responsibilities to their discipline, to other
sciences, and to society. Geography's new relevance does not just pose challenges to external bodies and larger
institutional settings; it calls for a response by individuals and groups of geographers on their own volition, both
as professionals and citizens. In particular, the committee suggests that geographers, their organizations, and
their departments should:

* Recognize education and service as professional responsibilities. In line with general trends in the
world of higher education, geographers need to respond
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to societal needs for quality education and practice as professionally as they respond to opportunities for
research, showing sensitivity to societal need as well as self-directed curiosity.

* Enhance diversity in geography's perspectives, participants, and audiences. Geographers and their
organizations need to make themselves fully aware of trends in the diversity of student and professional
populations and trends in the diversity of approaches to seeking understanding. As an expression of the
nature of geography, as well as morality and humanity, they must appreciate diversity, value it, support
it in their institutional environments, and seek it in their own learning. Furthermore, geographers need
to endeavor to address research issues of relevance to a wider range of user communities, including
disadvantaged groups.

e Promote breadth and depth of learning, emphasizing the common core of learning that provides
coherence to the discipline. Geography faculty need to take collective responsibility for identifying and
infusing into undergraduate and graduate programs the core of conceptual and methodological
approaches that provide coherence to the discipline. They need to ensure that undergraduate and
graduate students are solidly grounded in the fundamentals of geographic learning, while at the same
time affording graduate students opportunities for in-depth training at the frontiers of knowledge in
selected subspecialties.

To this end, faculty members need to make more of an effort to collaborate across subspecialties,
especially between human and physical subspecialties, between these subspecialties and those
emphasizing spatial representation, and across institutions. Faculty need to ensure that their
undergraduate and graduate students are exposed to the range of geographic topics, research traditions,
and methodologies that define the core of the discipline. At the undergraduate level, faculty members
need to provide exposure to the various subspecialties in a way that reinforces the ideal of a liberal
education and at the same time prepares students for advanced training. Such exposure might come, for
example, through courses and seminars led by teams of physical and human geographers that emphasize
the connectivity among subspecialties. At the same time, faculty members must provide opportunities
for graduate students to obtain depth of learning in selected subdisciplines. Such opportunities might
come through pre- and postdoctoral training opportunities, collaborations with faculty members in other
departments, and extracurricular activities such as summer institutes.

* Promote and participate in professional interactions with other sciences. As participants in a larger
intellectual enterprise and as individual representatives of geography in an era of reaching out more
actively beyond disciplinary boundaries, geographers need to seek interactions with other scientists, not
only through multidisciplinary programs and research projects but through a wider range of discourse.
This process might, for instance, include more active participation in state academies of science and
such national organizations as the American Association for the Advancement of Science, as well as
catalyzing discussions of cross-cutting scientific issues with colleagues in one's own institution.
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* Recognize responsibilities to local partners in conducting field research, especially in foreign areas.
Field research in geography, which needs to receive increased emphasis in the years ahead, carries with
it a number of obligations. Besides care in the science, such as sampling and inference, geographers
need to recognize that local expertise is usually an essential part of thoughtful field research and that the
benefits they draw from that enterprise often call for something of value to be returned. For example,
research results of local or regional interest might be reported to diverse local audiences for their
benefit, and/or contributions might be made to building local capacities for doing such research. As a
general rule, U.S. geographers conducting research throughout the world need to work in collaboration
with local counterparts.

RECOMMENDATIONS

Based on these conclusions, the committee offers a number of recommendations addressed to the external
audience of this report. Each recommendation addresses the question of who needs to take action, and the final
recommendation addresses the implementation process itself. Professional geographers should also examine the
conclusions on "taking individual and collective responsibility for strengthening the discipline" of geography in
order to identify additional actions that could strengthen the discipline from within.

To improve geographic understanding:

1.

Increased research attention should be given to certain core methodological and conceptual
issues in geography that are especially relevant to society's concerns. Key issues include
complex systems and nonlinear dynamics, relationships between physical and human geography,
multiscale analysis, comparative case-study analysis, and visual representation. Implementation
responsibility lies with those institutions that fund research in geography and related fields, along
with universities, professional societies, and other institutions that promote the generation of
research ideas and proposals (as well as geographers themselves).

More emphasis should be placed on priority-driven, cross-cutting projects. A larger portion of
geographic research support should be allocated to multiple-investigator, multidisciplinary projects
that address scientific and societal priorities such as global change, urbanization, conflict resolution,
and the dynamics of complex systems, with implementation by the same institutions as in the
previous recommendation. Geography's organizations should be actively involved as catalysts for
project and group development, especially involving more than one institution, and to assure that
large research groups are accessible to, and are in communication with, the larger research,
educational, and other user communities.
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3.

Increased emphasis should be given to research that improves our understanding of
geographic literacy, learning, and problem solving and the roles of geographic information in
education and decision making, including interactive learning strategies and spatial decision
support systems. This recommendation calls for a new collaboration between research support
institutions such as the National Science Foundation (NSF) and parties directly involved in teaching,
learning, and other applications of geographical knowledge and tools. Geography's organizations—
the Association of American Geographers (AAG), the American Geographical Society, the National
Council for Geographic Education, and the National Geographic Society—should take the lead in
fostering this collaboration and proposing strategies to enhance it.

To improve geographic literacy:

4,

Geography education standards and other guidelines for improved geography education in
schools should be examined to identify subjects where geography's current knowledge base
needs strengthening. Examples where strengthening is needed are likely to include such traditional
strengths of geography as the pursuit of scientific synthesis through integration in place, addressing
issues of relevance to the diversity of social and economic groups that constitute U.S. society,
approaches to relating direct field observation to modern information technologies, and foreign field
research. The responsibility for identifying critical gaps lies with geography's organizations.

A significant national program should be established to improve the geographic competence of
the U.S. general population, as well as leaders in business, government, and nongovernmental
interest groups at all levels. A major multiyear effort is needed to assure that the knowledge,
perspectives, and skills of geography as a subject are utilized effectively in meeting such national
needs as competitiveness in the global economy and sustainable democratic responses to issues and
choices in government, including foreign policy, environmental policy, and information
infrastructure policy. This effort should be established through cooperation between the U.S. federal
government, the NGS, and other geography organizations.

Linkages should be strengthened between academic geography and users of its research.
Geography's organizations should increase their interactions with private sector firms and
associations, government agencies, educational institutions, nongovernmental interest groups, and
appropriate funding organizations to examine ways to improve the effectiveness of information and
technology transfer, to increase personal and professional linkages, and thereby to improve business
and government and community decision making.

To strengthen geographic institutions:

7.

A high priority should be placed on increasing professional interactions between geographers
and colleagues in other sciences. Geographers
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10.

themselves bear a large part of the responsibility for this collaboration; but research support
institutions and other institutions, such as NSF, the National Research Council (NRC), and the
Social Science Research Council, which appoint groups to address issues where geographic
perspectives and expertise are relevant, should also contribute to the implementation of this
recommendation. The AAG is well suited to lead this effort.

A specific effort should be made to identify and address disparities between growing demands
on geography as a subject and the current capabilities of geography to respond as a scientific
discipline. Specific recommendations concerning funding increases go well beyond the knowledge
of committee members about scientific issues, but this issue urgently needs attention. Moreover, it is
an issue that cannot be adequately addressed without the participation of a wide variety of
institutions and constituencies, including government agencies, private foundations, school boards,
institutions of higher learning with existing geography programs, and institutions that lack those
programs. The committee recommends that geography's organizations, universities, the NRC, the
NSF, and other appropriate agencies join together to produce a careful assessment of the resource
constraint issue as well as the implications of different scenarios for resolving it.

A specific effort should be made to identify and examine needs and opportunities for
professional geography to focus its research and teaching on specific problems or niches, given
limitations on the human and financial resources of the discipline. As a parallel effort to the
previous recommendation, geography's organizations—particularly the AAG and the NGS—in
collaboration with research support institutions such as NSF, should consider ways of using their
scarce resources for maximum scientific and societal benefit by prioritizing, focusing on especially
important needs and opportunities. This prioritization need not, and should not, be at the expense of
individual investigator curiosity, but it should stimulate that curiosity by offering a vision of
scientific accomplishment and impact related to especially promising directions for contributions by
professional geographers.

University and college administrators should alter reward structures for academic
geographers to encourage, recognize, and reinforce certain categories of professional activity
that are sometimes underrated. Such categories include long-term research; collaborative
research; research directed toward societal problem solving, including policy research; research on
geographic learning; geographic education as a field of scholarship, teaching, and professional
service; and interdisciplinary interaction and communication. This recommendation should be
implemented by university and college administrators, in collaboration with geography's
organizations and with national and state associations concerned with reward systems and personnel
policies for university faculty members.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4913.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original typesetting files. Page breaks are true

to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

use the print version of this publication as the authoritative version for attribution.

ance for Science and Society

REDISCOVERING GEOGRAPHY: CONCLUSIONS AND RECOMMENDATIONS 171

To encourage implementation of these recommendations:

11. Geographic and related organizations—especially the AAG, NGS, NSF, and NRC—should
work together to develop and execute a plan to implement the recommendations in this report.
The committee's recommendations to strengthen the discipline of geography and increase its
contributions to science and society are wide-ranging in scope and will require a sustained and
coordinated effort on the part of these organizations if they are to be realized. By working together,
these organizations can leverage their individual efforts to develop a coherent implementation
strategy, to monitor and evaluate the long-term effectiveness of the strategy, and to promote
effective action by geographers, geographic and related organizations, and policy makers to achieve
the long-term objectives of this report.

SUMMARY

If these recommendations are implemented, both science and society will benefit, as will geography itself.
Underlying nearly all of the recommendations is the conclusion that the demand for contributions from
geography and the supply capacity, given current resources, are far out of line. Unless significant actions are
taken, and taken quickly, either geography's contributions will be severely supply constrained (leading, for
instance, to restricted enrollments in university courses and programs) or may decline in quality, as limited
professional resources are stretched too thinly.

This conclusion is unavoidable, and it raises questions about the allocation of financial resources. If
geography's rediscovered relevance has greater value within science and to society than is currently being
realized, the investment of resources should be commensurate with this higher potential. But the issue is not
merely one of funding. More importantly, a wide range of institutions and leaders—in government, business,
research support, science, education, issue advocacy, the communications media, and geography itself as a
discipline—need to raise their levels of awareness of geography's value to science and society and find more
effective ways to publicize and utilize geography's perspectives, skills, and knowledge base. Looking toward the
next century, realizing geography's potentials will require innovative new partnerships between provider and
user, supported and supporter, one science and another, data gatherer and data analyst, and basic research and
applications of knowledge.

If geography can be a pathfinder in developing and fulfilling such partnerships, it can survive a difficult
transition from scarcity to abundance, and science at large will benefit from many of geography's successes as
models for other disciplines. Such a future for the discipline is far from certain, and some of the changing
conditions in the 1990s may make it more difficult, but it is worth a concerted effort by all of the interested
parties and most of all by geography itself.
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Appendix A

Enrollment and Employment Trends in Geography

The Association of American Geographer's (AAG's) Employment Forecasting Committee! prepared the
following analysis of present and future enrollment and employment trends for geographers at the request of the
Rediscovering Geography Committee. The Employment Forecasting Committee's analysis was published in the
August 1995 issue of the Professional Geographer and is reprinted here with the permission of the AAG and
Blackwell Publishers.

! Patricia Gober (Chair), Amy K. Glasmeier, James M. Goodman, David A. Plane, Howard A. Stafford, and Joseph S.
Wood.
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EMPLOYMENT TRENDS IN GEOGRAPHY, PART 1: ENROLLMENT AND DEGREE
PATTERNS *

Patricia Gober

Arizona State University
Amy K. Glasmeier
Pennsylvania State University
James M. Goodman
National Geographic Society
David A. Plane

University of Arizona
Howard A. Stafford
University of Cincinnati
Joseph S. Wood

George Mason University

This paper is the first in a series of three papers dealing with the current and future labor market for geographers. It
is based on a report prepared by the Association of American Geographers' (AAG) Employment Forecasting
Committee to the National Research Council's (NRC) Rediscovering Geography Committee. This report provides a
data-based analysis of the past and future supply of geographers, the current labor market conditions in the field,
and the factors likely to influence the future demand for geographers (faculty hiring, geographic education
initiatives, trends in private sector jobs, etc.).

Each year some 4,000 individuals receive degrees in geography from America's institutions of higher education.
They, or some portion of them, make up the new supply of geographers entering the labor market. In the near future
(up to five years), the availability of new geographers is related to the number of geography students now in the
educational pipeline. Their current specialties, and the specialties of the programs from which they come, tell us
about the types of skills and the kinds of interests to be held by future labor force entrants. In the longer term (five
to ten years), the number of new geographers will be influenced by geographic education initiatives at the
precollegiate level. More and better geographic instruction in elementary and secondary schools will expose more
students to geography as a field of study and as a potential career path. The purposes of this paper are to (1) review
degree and enrollment trends in geography, (2) assess the "trickle-up" effects of geographic education initiatives at
the precollegiate level, and (3) investigate the characteristics of future supply as evidenced by the types of
occupations for which geography departments are now preparing students.

Background

Previous attempts to examine employment trends in geography focused on the academic job market (Hart
1966, 1972; Hausladen and Wyckoff 1985; Suckling 1994; Miyares and McGlade 1994) or relied exclusively on
AAG membership data (Goodchild and Janelle 1988; Janelle 1992). Early "manpower" studies by John Fraser
Hart matched predictions of the future supply of new doctorates in geography with estimates of new teaching
jobs in colleges and universities and developed scenarios of surplus and deficit in the academic labor market.
Hausladen and Wyckoff examined age profiles of topical and areal specialties from the 1982 AAG Directory
with an eye toward predicting the effects of future retirements on the field. More recent investigations by
Suckling and by Miyares and McGlade focused on the demand side of the employment equation and examined
changes in the number, rank, location, and specialties of jobs advertised in Jobs in Geography.

Michael Goodchild and Donald Janelle analyzed trends in the intellectual structure of the discipline as
manifest in AAG specialty group membership and topical proficiencies. Goodchild and Janelle's findings
provided valuable insights into changes in the nature of geographic thought and training. Technical expertise and
interest in geographic information systems (GIS) were burgeoning, especially among young geographers, while
regionally oriented

* This article is excerpted from the appendix of the report of the National Research Council's Rediscovering Geography
Committee. The authors wish to thank John Harner, Mark Patterson, and Will Mitchell for their technical support, Barbara
Trapido for figure preparation, and the NRC Rediscovering Geography Committee for their many helpful suggestions.
Special thanks go to Kevin Crowley, Program Officer at the National Research Council, for his constructive comments, for
serving as our liaison with the NRC Committee, and for his moral support of this research.
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specialties were shrinking. Reliance on AAG membership data, however, limits the applicability of these studies
to college and university professors and their students—individuals who make up about two-thirds of the AAG's
membership but a relatively small share of the total number of new geographers entering the labor market.

Degree and Enrollment Trends

The National Center for Education Statistic's (NCES) annual Digest of Education Statistics is the most
accurate guide to the number of degrees granted in geography in the United States. Published continuously since
1948-1949, these data are compiled from questionnaires returned by each institution of higher education in the
United States. Geography is listed as a separate field within the larger category of the "social sciences."
Although not all individuals who receive degrees in geography directly enter the labor market for geographic
skills (some go on to graduate school and others seek employment in occupations unrelated to geography), this
series is the most sensitive barometer available of the supply of new geographers.

The NCES series reveals a surge in geography degrees granted in the late 1960s and early 1970s as the first
wave of the baby boom generation began to graduate from colleges and universities, as a higher proportion of
young people sought access to higher education, and as amendments to the National Defense Education Act
(NDEA) in 1964 bolstered graduate enrollments (Fig. 1). Possible factors specific to geography include
curricular reforms in the form of the High School Geography Project and Commission on College Geography
and emerging technological advances in remote sensing and quantitative techniques that created opportunities for
geographers outside of education. The number of bachelor's degrees peaked in 1971-1972 at 4,300, the number
of master's one year later at almost 800, and Ph.D.s one year after that at 217.

From their high point in the early 1970s, the number of geography degrees declined slowly but steadily. At
their nadir in 1987-1988, the number of new geographers entering the labor market was just two-thirds what it
had been 15 years earlier. This downward pattern was not due to trends in higher education as a whole, as the
total numbers of bachelor's, master's, and doctoral degrees in the United States grew steadily during the late
1970s and early 1980s,

3000

20040 -

Degrees Awarded

1000 4

e N i T TPOUUTPN

R e e e e

50 55 60 65 70 15 B0 B85 a0 85
Year Ending

Figure 1:
Geography degrees awarded, 1951-1992.
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despite declines in the traditional college-age population (NCES 1993a).

A turnaround in the number of geography degrees conferred at the undergraduate and masters levels began
in 1988. Subsequently, the discipline has outpaced higher education as a whole in the increase in bachelor's and
master's degrees granted. Between 1988-1989 and 1990-1991, the number of bachelor's degrees in geography
grew by 13% compared with 7% for all fields. The number of master's degrees in geography grew at a rate of
14% compared with 9% for all fields. New Ph.D. holders in geography remained steady while the number of
doctorates overall increased by 10% (NCES 1993a). The most recent figures for 1991-1992 show explosive
growth at the bachelor's level and continued growth at the master's. Several factors are probably responsible for
the renewed vigor in geography's degree production at the bachelor's and master's levels. They include rising
public concern with environmental and international problems, greater attention to geographic education at the
precollegiate and collegiate levels, and technological advances in GIS that provide new geographers with highly
marketable skills.

Increases in the number of geography degrees are broadly consistent with trends in the social sciences,
where the number of degrees fell consistently and dramatically from the early 1970s through the mid-1980s
(Fig. 2). After 1987, degrees conferred in the social sciences in addition to geography, including anthropology,
economics, political science, and sociology, rose sharply. Recent growth in the social sciences has been linked to
the shift away from business majors, rising concern over the environment and crime, the growing elderly and
homeless populations, and the increasingly competitive global economy (Bureau of Labor Statistics 1994, 120).
The increased presence of women and minorities on university campuses also has been associated with the
growth in social science fields (NCES 1993a). In the late 1980s female-dominated fields like education,
psychology, and the social sciences experienced faster-than-average growth while slower-than-average growth
occurred in traditionally male-dominated areas such as business
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< 1201
= ]
o
‘::_' 100 4 1 &.un-ﬁ?ﬂﬁ&\:ﬁfﬁ
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Figure 2:
Degrees in geography, social sciences, physical sciences, and life sciences, 1971-1991.
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and management, engineering, and the physical sciences.

The physical sciences, including the closely related fields of geology and meteorology in addition to
astronomy, chemistry, and physics, experienced steady degree production throughout the 1970s and early 1980s.
The number of graduates sharply declined after 1985, especially at the bachelor's level (Fig. 2). The decline in
new degree holders has been attributed, in part, to the fact that students are not obtaining in the high schools the
demanding math and science background that is necessary for pursuing a university degree in the physical
sciences (National Science Board 1993). The life sciences grew rapidly during the early and mid-1970s, declined
steadily during the 1980s, and then turned upward in the late 1980s, at about the same time that the number of
degrees in geography began to rise.

Geography's pattern of degree production during the past 20 years reflects, in part, the patterns of its closely
related fields. Geography's early losses were similar to, but not as severe as, those for the social sciences as a
whole. The discipline's upturn during the late 1980s is mirrored in both the social and life sciences categories.
Ironically, the experience of the physical sciences correlates with geography's but in an inverse fashion. The
physical sciences grew slightly during the late 1970s and early 1980s at the same time that geography declined.
They reached their peak at about the time that geography reached its low point in the late 1980s. In recent years,
the number of geography degrees has increased while the number of physical science degrees has declined.

Enrollments in geography programs provide another picture of labor supply conditions in the field, although
the connection between supply and enrollment is less direct than the association between supply and degrees
granted. Enrollment figures are unreliable, particularly at the undergraduate level. Some students are forced by
institutional rules to declare their majors before they have settled on a career path. Others change majors, but
these changes are not reflected in institutional accounting systems. As a result, enrollment figures are best seen
as a general guide to current and future trends in the field.

The most complete record of graduate enrollments in geography programs comes from the NSF (1993).
These data reveal that graduate enrollments in geography dipped about 10% from 1981 through 1985 but rose
steadily thereafter (Fig. 3). This pattern fits with trends in geography graduate degrees, which bottomed out three
years later in 1988 but are now on the rise. It also suggests that the upturn in master's degrees, from 555 in 1990
to 622 in 1991 and 639 in 1992, is not an aberration but the harvest of healthy enrollment growth during the late
1980s.

Geography's pattern is roughly parallel to that of the social science category, although the discipline's early-
decade decline in enrollments was less severe and its late-decade rebound was more pronounced. Predictably,
trends for the social sciences are smoother because they even out the ebbs and flows of individual disciplines.
Graduate enrollments in the environmental sciences, including the atmospheric sciences, the geosciences, and
oceanography, rose steadily until mid-decade, declined during the late 1980s, and began to climb again after 1989.

Geography's late-decade burst in enrollments was unmatched by individual fields in the social and
environmental sciences. From their low point in 1985, graduate enrollments in geography grew by almost one-
third by 1991 (Table 1). Student interest in sociology, anthropology, and political science was strong but not
equal to the rise in geography. Enrollments in economics changed little. The poor performance of the category of
environmental sciences between 1985 and 1991 was primarily the result of the dismal performance of the
geosciences (geology), which comprises more than one-half of the enrollment in the environmental sciences
category. Declines in the domestic oil and gas industry and mineral exploration drastically reduced the demand
for geologists. The U.S. Geological Survey, the major government employer of geologists, and individual state
surveys also downsized during this period.

Recent increases in graduate geography enrollments should translate into an increasing supply of highly
trained geographers entering the labor market in the near future. Indeed, because 1991 is the most recent year for
which

Copyright © National Academy of Sciences. All rights reserved.
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we have graduate enrollment data, that added supply of graduate-level geographers probably is occurring already.
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Figure 3:
Graduate enrollment in geography, social sciences, and environmental sciences, 1981-1991.

To obtain information about trends in undergraduate enrollments and, hence, the future supply of bachelor's-
level geographers, we examined the number of "students in residence" in the Guide to Programs of Geography
in the United States and Canada from 1986-1987 through 1993-1994. We eliminated those schools for which we
were unable to obtain a complete record of enrollment data because we wanted to conduct a longitudinal
investigation of how a constant set of schools performed through time rather than to obtain a series of cross-
sectional studies of an ever-changing mix of programs. This elimination process reduced the number of schools
to 174 from the 239 listed in the 1993-1994 Guide. The list of 174 includes 51% of all bachelor's-granting
departments, in 1993-1994, 88% of the master's departments, and 85% of the doctoral programs; thus, the
experience of graduate departments will be overrepresented in the overall tallies. The average bachelor's-
granting department contained 71 undergraduate students in residence, master's departments had 93, and doctoral
departments had 104. If the missing cases display the same size patterns as the schools for which we have
continuous data, they contain about 33% of the enrollment in undergraduate geography programs nationwide,
and the 174 departments that form the basis of the study contain approximately two-thirds of geography's
undergraduate enrollment.

The number of undergraduate students in residence in the 174 departments for which continuous data are
available grew by 47% from 1986-1987 to 1993-1994. When these enrollment figures are normalized to their
1986-1987 levels and then viewed alongside the undergraduate degree figures discussed earlier, the two patterns
are highly consistent (Fig. 4). Given that enrollments, as reported by the 174 schools in our study set, are a
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reasonably accurate guide to degrees granted in geography, it is logical to expect the accelerated enrollment in
geography programs after 1992 to translate into higher degree production in 1992-1993 and 1993-1994.

Table 1 Graduate Enrollments in Geography and Related Fields, Fall 1985 to Fall 1991

Field 1985 1991 Percent Change 1985-1991
Geography 2,836 3,785 33.4%
Social Sciences 70,450 81,279 15.3
Anthropology 5,631 6,695 18.8
Economics 12,430 12,709 22
Sociology 6,567 8,314 26.6
Political Science 27,012 31,929 18.8
Environmental Sciences 15,591 14,747 -5.4
Atmospheric Sciences 964 968 4
Geosciences 10,294 7,626 -259
Oceanography 2,081 2,293 10.2

Source: National Science Foundation, Division of Science Resources Studies. Academic Science/Engineering: Graduate Enrollment and
Support, Fall 1991.

Enrollment gains varied in a predictable fashion by region (Table 2). They were slower than the national
average of 47% in the Northeast and Midwest, regions experiencing sluggish population growth and slow growth
in student enrollments generally. Faster-than-average growth in enrollments was recorded in the South and West,
areas of rapid population growth, net domestic in-migration, and immigration from abroad. The latter two
regions accounted for almost two-thirds of the increase in geography enrollments nationwide.

Enrollment data also reveal that geography programs in Ph.D.-granting departments were the biggest
generators of undergraduate enrollment increases. Between 1986-1987 and 1993-1994, enrollments increased by
a stun

160 ) e LRy T e
] —8&— Undergraduate Degrees

150 |

—C— Undergraduate Enroliment

140 1
130 -

120 1

{Value/1987 Value) x 100

i

BG s mm m mr—— T T T 1
1987 1988 1989 1990 1991 1982 1993 1994

Year

Figure 4:
Normalized undergraduate geography enrollments and degrees, 1987-1994.
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ning 60% in Ph.D. departments, compared with 50% in undergraduate departments and 37% in master's
programs. This finding probably reflects the growing emphasis on undergraduate education in major research
universities nationwide.

Table 2 Undergraduate Enrollments by Region and Type of Geography Program

1986-1987 1993-1994 1986-1987 to 1993-1994
Total enrollment 10,743 15,752 46.6%
Region
Northeast 1,839 2,453 334
Midwest 3,057 4,261 394
South 2,662 4,169 56.6
West 3,185 4,869 52.9
Type of program
Undergraduate 2,224 3,339 50.1
Masters 5,196 7,095 36.5
Doctoral 3,323 5,318 60.0

Source: Authors' calculations based on analysis of AAG Guide to Programs of Geography in the United States and Canada (1986-1987 to
1993-1994).

The NCES has projected rates of growth in the number of degrees for higher education as a whole to the
year 2002-2003 (NCES 1993b). Applying these rates to geography assumes that the discipline will reflect the
trends prevalent in all of higher education. Our track record relative to these national norms, unfortunately, is not
good. The number of degrees granted in geography declined throughout most of the 1970s and 1980s even
though the total number of degrees granted by all fields grew. Moreover, since geography began its rebound in
1988, it has outpaced higher education as a whole in the number of degrees granted. NCES projects aggregates
rather than individual disciplines or areas (social sciences, education, engineering, physical sciences, etc.) for
precisely this reason. Some fields grow while others stagnate. Students "vote with their feet," moving easily and
quickly among fields in response to changing labor market conditions, social values, and personal preferences
(i.e., the recent experience of geology). Projections using 1985-1986 as a base year would have, for example,
seriously overestimated degrees and enrollments in the physical sciences and underestimated those in the social
sciences.

Nevertheless, we applied projections for higher education as a whole to geography (Table 3). We envision
these projections as a benchmark against which we can assess the discipline's future performance rather than as
hard-and-fast expectations. The numbers of undergraduate degrees in higher education are expected to rise until
the mid-1990s, hold steady until 2000, and then increase again early in the next decade. Applying these
projections to geography anticipates an increase in undergraduate degrees from 3,397 posted in 1990-1991 to
4,080 in 2002-2003.

The previous discussion of degree and enrollment trends in the field, however, suggests much faster growth
in the number of geography undergraduate degrees. The figure for 1991-1992 was already above 3,800.
Furthermore, if 13,701 "students in residence" in geography programs generated 3,808 degrees in 1991-1992,
then the undergraduate enrollment figure of 15,752 in 1993-1994 should translate into 4,378 bachelor's degrees
in that year, far more than higher education trends indicate for the entire projection period extending to
2002-2003.

Higher education projections are also problematic at the graduate level because more undergraduate degrees
filter up through the system and generate more master's and Ph.D. degrees. Throughout the 1980s, the ratio of
bachelor's to master's degrees hovered between 5 and 6 (Fig. 5). Assuming this ratio holds firm (and we have a
long historical record to suggest that it will), we expect that the number of master's degrees will rise to 800 in
1993-1994, again a far larger figure than an extrapolation of higher education trends would indicate.

Because of their relatively small number, Ph.D. degrees vary more from one year to the next. Since 1980,
the ratio of bachelor's to Ph.D. degrees has ranged from 22 to 29, averaging 25 (Fig. 5). Using this average ratio of

Copyright © National Academy of Sciences. All rights reserved.
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25 and an estimated 4,378 bachelor's degrees, we expect the number of Ph.D. degrees to be 175 in 1993-94.

Table 3 Projections of Bachelor's, Master's, and Doctoral Degrees in Higher Education and Geography, 1990-1991 to
2002-2003

Bachelor's Degrees

Higher Education Geography
1990-1991 1,084,000 3397

(+86,000) 7.93% (+270)
1995-1996 1,170,000 3667

(+15,000) 1.28% (+46)
1999-2000 1,186,000 3714

(+117,000) 9.86% (+366)
2002-2003 1,303,000 4080
Master's Degrees

Higher Education Geography
1990-1991 337,000 622

(+17,000) 5.05% (+31)
1995-1996 354,000 653

(-1,000) —28% (-2)
1999-2000 353,000 651

(+12,000) 3.40% (+22)
2002-2003 365,000 673
Doctoral Degrees

Higher Education Geography
1990-1991 40,000 119

(+1,100) 2.72% +3)
1995-1996 41,100 122

(+500) 1.22% +1)
1999-2000 41,600 123

(+200) 48% +1)
2002-2003 41,800 124

Source: Gerald, D.E., and W.J. Hussar, 1993. Projections of Education Statistics to 2003. National Center for Education Statistics.

To confirm the validity of these expect