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PREFACE v

Preface

Because human activities interact with physical and biological systems
both as driving forces and as critical links in feedback mechanisms, any effort
to understand, much less to come to terms with, global environmental change
that does not include a sustained commitment to improving our knowledge of
the human dimensions cannot succeed. Awareness of this simple truth is now
spreading throughout the scientific community. In its report prepared to
accompany the fiscal 1992 federal budget request for global change research, to
take a prominent example, the Committee on Earth and Environmental Sciences
flatly states that "[w]ithout an understanding of human interactions in global
environmental change that is based both on empirical observations of human
behavior and on a better understanding of the consequences of human actions,
the models of physical and biological processes of change will be incomplete."
As the committee goes on to observe, an especially critical need is the
"identification of the ways that human, physical, and biological systems
interact, often through complex feedback mechanisms."

What are the implications of this realization for research on the human
dimensions of global environmental change? Can we expect to understand the
proximate causes of anthropogenic change—releases of carbon dioxide and
chlorofluorocarbons (CFCs), transformation of forests into fields, and so forth—
without digging deeper to analyze the underlying sources of the human
behavior in ques
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PREFACE vi

tion? How should we allocate our attention between studies of the underlying
sources of anthropogenic change and studies of human responses to global
environmental change, which figure prominently in the relevant feedback
mechanisms? How can we exploit existing social data in order to advance our
understanding of the human dimensions of global change, and how can we set
priorities to make the best use of any new resources that become available to
collect and perfect data in this field of inquiry? What can we do to break down
intellectual and institutional barriers between the social sciences and the natural
sciences or, for that matter, among the individual social science disciplines in
the interests of deepening our understanding of global environmental change?

In 1989, the National Research Council (NRC), with support from the
National Science Foundation, the John D. and Catherine T. MacArthur
Foundation, the National Research Council Fund, and the U.S. Geological
Survey, established the Committee on the Human Dimensions of Global
Change as a means of responding to these questions. The committee's charge
included four interrelated tasks. Specifically, the committee was asked to
undertake: "an assessment of previous social science research on topics related
to global change; an evaluation of extant data resources for social and
behavioral research on global change; a consideration of how collaborative
research on global change might influence the generation of knowledge in the
social sciences as well as attract social and behavioral scientists to apply their
knowledge to global issues; and the development of a research agenda that can
be implemented over a period of several years."

The Committee on the Human Dimensions of Global Change has not
labored alone in endeavoring to identify and to grasp the human component of
the complex interactions among human, physical, and biological systems giving
rise to global change. The Committee on Global Change (the organizing
committee for U.S. participation in the International Geosphere-Biosphere
Programme) has formed a Human Interactions Panel; the Social Science
Research Council has set up a Committee for Research on Global
Environmental Change; and the National Science Foundation has initiated a
program of investigator-initiated grants on the Human Dimensions of Global
Environmental Change. Nor is this activity confined to the United States. Most
notably, the International Social Science Council has put in place a Standing
Committee on the Human Dimensions of Global Change; this committee is now
moving vigorously to make common cause with the International
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PREFACE vii

Geosphere-Biosphere Programme in the interests of stimulating collaboration
between natural scientists and social scientists working on global change issues.

What sets the work of the Committee on the Human Dimensions of Global
Change apart from these other endeavors, it seems to me, is the sustained effort
the committee has made to build a solid foundation under human dimensions
research as a coherent intellectual enterprise and a legitimate field of study that
can command the resources needed to advance understanding in important
ways. This means, to begin with, laying out systematically the parameters,
premises, and problems of this field of study rather than restricting attention to
the identification of a loose collection of substantive topics deemed worthy of
attention on the part of those interested in global change. It means, as well,
addressing a series of issues involving human resources and organization
matters that cannot be ignored if this field of study is to establish itself as a
going concern within the scientific community. The report that follows contains
numerous recommendations. In the end, it lays out a five-point plan for a
national research program on the human dimensions of global environmental
change. But the persuasiveness of this plan rests, in the final analysis, on the
success of our effort to build a foundation for human dimensions of global
environmental change as a coherent field of study.

Guiding this project has been a challenging and stimulating endeavor from
the moment the process of selecting committee members began to the day the
last suggestions of a battery of reviewers were considered. Because it is hard to
think of anything that has no bearing on global environmental change, we
assembled a highly diverse group of senior scientists to conduct the work of the
committee. Through most of its deliberations, the committee has consisted of 15
members, 12 representing a wide range of social science disciplines (including
history and law) and 2 drawn from the natural sciences (including the life
sciences and physical sciences). The result, predictably enough, has been a
series of spirited exchanges featuring elements of disciplinary firmness as well
as mutual education. Our product reflects a sustained commitment on the part of
all participants to the creation of a new field of study drawing on the intellectual
capital of numerous disciplines but dominated by none.

In my experience, the effort required to bring this project to a successful
conclusion has been extraordinary. It is no exaggeration, therefore, to say that
we could not have produced this report
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without a commitment going beyond the call of duty on the part of Dan
Druckman, Paul Stern, and Michelle Daniels, the staff members of the NRC's
Commission on Behavioral and Social Sciences and Education assigned to this
project. Working under considerable time pressure, Michelle made all our
meetings run like clockwork. Paul was indefatigable both as the principal author
of large sections of the report and as the staff member responsible both for
integrating suggestions of outside reviewers and for handling a number of the
tedious tasks involved in transforming a draft into a finished report. Dan was
responsible for preparing the proposal for the project and making arrangements
for its implementation. He was also a dependable source of good judgment on
matters of substance, editing, and personnel as well as an active participant in
our sessions. To all three, I offer both my sincere thanks for their unfailing
support and my commendation for a job well done. In addition, special gratitude
is extended to Christine McShane, the commission's editor: her skillful editing
of the entire manuscript contributed substantially to its readability. Thanks go
also to Donna Reifsnider for her administrative support. Definition and
guidance for the committee's task came primarily from Roberta Miller, director
the National Science Foundation's Division of Economic and Social Science.
She was an important source of encouragement for the committee's work at all
stages of the project.

Oran R. Young

Chair, Committee on the HumanDimensions of Global Change
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SUMMARY 1

Summary

The earth has entered a period of hydrological, climatological, and
biological change that differs from previous episodes of global change in the
extent to which it is human in origin. To explain or predict the course of the
present global environmental changes, one must therefore understand the
human sources, consequences, and responses, some of which can alter the
course of global change. This book examines what is known about the human
dimensions of global environmental change, identifies the major immediate
needs for knowledge, and recommends a strategy for building that knowledge
over the next 5-10 years.

To understand global environmental change, it is necessary to focus on the
interactions of environmental systems, including the atmosphere, the biosphere,
the geosphere, and the hydrosphere, and human systems, including economic,
political, cultural, and sociotechnical systems. Human systems and
environmental systems meet in two places: where human actions proximately
cause environmental change, that is, where they directly alter aspects of the
environment, and where environmental changes directly affect what humans
value. The main questions about human causes concern the underlying sources
or social driving forces that give rise to the proximate causes of global change.
Why, for example, is there so much variation across societies, even advanced
industrial societies, with regard to energy consumption per unit of economic
output? The key questions about human consequences

Copyright © National Academy of Sciences. All rights reserved.
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SUMMARY 2

concern responses to actual or anticipated global changes. What will humans do
in anticipation of global change to keep it from harming what they value? How
will humans respond to actual global changes? What is the likelihood that
humans will take no organized action at all in response to particular global
changes, and what would be the consequent effects on human welfare? To
answer such questions, natural and social scientists need to work together.

HUMAN CAUSES OF GLOBAL CHANGE

Almost all human activity has some potential relevance to global change.
Researchers in a number of fields have studied human-environment
interactions, usually within the boundaries of single disciplines and almost
always below the global level. They have demonstrated that a complex of
social, political, economic, technological, and cultural variables, sometimes
referred to as driving forces, influences the human activities that proximately
cause global change. The driving forces can be roughly classified as follows:

* Population Growth Each person makes some demand on the
environment for the essentials of life—food, water, clothing, shelter,
and so on. If all else is equal, the greater the number of people, the
greater the demands placed on the environment for the provision of
resources and the absorption of waste and pollutants. However, all else
is not equal. For example, a new individual with the standard of living
and technological base of an average North American would use about
35 times as much energy as an individual living at India's average
standard—with a roughly proportional impact on the global
environment.

*  Economic Growth For the first time in human history, economic
activity is so extensive that it produces environmental change at the
global level; the prospect of further economic growth arouses concern
about the quality of the global environment. Economic growth
necessarily stresses the environment, but the amount of stress from a
given amount of economic growth depends, among other things, on the
pattern of goods and services produced, the population and resource
base for agricultural development, forms of national political
organization, and development policies.

*  Technological Change Technology can influence environmental
change by finding new ways to discover and exploit natural resources
or by changing the volume of resources required—or the
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SUMMARY 3

amount or kind of wastes produced—per unit of output. Technologies
may either increase or decrease the impact of human activity on the
environment, depending on the other driving forces, which determine
which technologies are developed and used.

* Political-Economic Institutions The global environment responds to the
actions of markets, governments, and the international political
economy. Markets are always imperfect, and the impact of economic
activity on the environment depends on which imperfect-market
method of environmental management is being used. Governmental
structure and policies can also have significant environmental
consequences, both intentional and inadvertent. And the international
political economy, with its global division of labor and wealth, can
promote environmental abuses, particularly in the Third World. The
effects depend on policy at the national level and on the behavior of
particular economic actors.

* Attitudes and Beliefs Beliefs, attitudes, and values related to material
possessions and the relation of humanity and nature are often seen as
lying at the root of environmental degradation. Such attitudes and
beliefs probably have their greatest independent effects over the long-
term, on the time scale of human generations or more. Within single
lifetimes, attitudes and beliefs can have significant influence on
resource-using behavior, even when social-structural and economic
variables are held constant.

Although each of these driving forces is important at certain times and
under certain conditions, much remains unknown about what determines their
relative importance, how they affect each other, and how the driving forces in
particular places combine to produce global effects. For example, various
combinations of social conditions may lead to a single outcome, such as
deforestation.

Single-factor explanations of the anthropogenic sources of global
environmental change are apt to be misleading, because the driving forces of
global change generally act in combination with each other and the interactions
are contingent on place, time, and level of analysis. Understanding the linkages
is a major scientific challenge that will require developing new interdisciplinary
teams. The research effort should include studies at both global and lower
geographic levels, with strong emphasis on comparative studies at local or
regional levels with worldwide representation. Research should address the
same question at different time scales, examine the links between levels of
analysis and between time scales, and explore the ways that the human forces
that cause environmental change may also be affected by it.
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SUMMARY 4

HUMAN CONSEQUENCES OF GLOBAL CHANGE

To project the human consequences of global change, it is necessary not
only to anticipate environmental change but also to take social change into
account: social and economic organization and human values may change faster
than the global environment, and people may respond in anticipation of global
change. It is worthwhile to test projected environmental futures against
projected human futures to see how sensitive human consequences may be to
variations in the social future. But long-term forecasting is still a very inexact
practice. The near-term research agenda should emphasize processes of human
response to the stresses that global environmental change might present.

People may respond to experienced or anticipated global change by
intervening at any point in the cycle of interaction between human and
environmental systems. Mitigation—that is, actions that alter environmental
systems to prevent, limit, delay, or slow the rate of undesired global changes—
may involve direct interventions in the environment, direct interventions in the
human proximate causes, or indirect interventions in the driving forces of global
change. People can also respond by blocking the undesired proximate effects of
environmental systems on what they value, for example, by applying sunscreens
to the skin to help prevent cancer from exposure to ultraviolet radiation. They
can make adjustments that prevent or compensate for imminent or manifest
losses of welfare from global change, for example, famine relief or drought
insurance. And people can intervene to improve the robustness of social
systems by altering them so that an unchecked environmental change would
produce less reduction of values than would otherwise be the case. For example,
crop polyculture may not slow the pace of global change, but it is more robust
than monoculture in the face of drought, acid deposition, and ozone depletion.
If crop failure occurs, it will affect only some crops, making famine less likely.
Many of these responses may indirectly affect the driving forces of global
change. Consequently, the research agenda should include studies of both the
direct and secondary effects of responses to global change, using the best
available methods of evaluation research.

Global change is likely to engender conflict—about whether it is in fact
occurring, whether any organized response is necessary, whether response
should emphasize mitigation or not, who should pay the costs, and who has the
right to decide. Such conflicts tend to persist because they are based in part on
differing inter
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ests, values, preferences, and beliefs about the future. The research agenda
should include efforts to clarify the connections between particular
environmental changes and particular types of conflict. It should also include
increased efforts to test the efficacy of different techniques and institutions for
resolving or managing environmental conflicts.

Human responses to global change occur within seven interacting systems.
Within each system, there are significant areas of knowledge and important
unanswered questions; in addition, much remains to be learned about how the
systems combine to determine the global human response.

* [Individual perception, judgment, and action are important because all
decisions are based on inputs from individuals; because individual
actions, in the aggregate, often have major effects; and because
individuals can be organized to influence collective and political
responses.

* Markets are important because global change is likely to affect the
prices of important commodities and factors of economic production.
However, existing markets do not provide the right price signals for
managing global change for various reasons, and the participants in
markets do not always follow strict rules of economic rationality.

*  Sociocultural systems, including families, clans, tribes, and
communities held together by such bonds as solidarity, obligation,
duty, and love sometimes develop ways of interacting with their
environments (for instance, some systems of agroforestry) that may be
widely adaptable as strategies for response. Their informal social
bonds can also affect individual and community responses to global
change and to policy.

* Organized responses at the subnational level, such as by communities,
social movements, and corporations and trade associations, can be
significant both in their own right and by influencing the adoption and
implementation of government policies.

* National policies are critical in the human response to global change
by making possible international agreements and by affecting the
ability to respond at local and individual levels. Not only
environmental policy, but also macroeconomic, fiscal, agricultural, and
science and technology policies are important.

» [International cooperation is necessary to address some large-scale
environmental changes such as ozone depletion and global warming.
The formation of international institutions for response to global
change is widely considered to be the key to solving
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the problems, and both nation-states and non-state actors are involved.
Global social change, such as the expansion of the global market; the
worldwide spread of communication networks, democratic political
forms, and scientific knowledge; and the global resurgence of cultural
identity as a social force may influence the way humanity responds to
the prospect of global change and its ability to adapt to experienced
change.

The research agenda should include studies of responses within each of
these systems, especially comparative studies of how the systems operate in
different spatial and temporal contexts. Because systems of human response are
strongly affected by each other, a high priority should be given to studies
linking response systems to each other and short-term effects to long-term ones.

PROBLEMS OF THEORY AND METHOD

The study of human interactions with the global environment poses
difficult problems of theory and method that will require new links among
disciplines, theoretical constructs to deal with the complexities and the large
spatial and temporal scales, and careful selection of research methods.

Interdisciplinary collaboration is essential. A high priority of the
human interactions research effort should be to support problem-
centered interaction among social and natural scientists, for example
through research projects that require such contact, problem-focused
scholarly meetings, and interdisciplinary research centers.

* New theoretical tools are required. Studies of the human dimensions of

global change require analysis at spatial and temporal expanses much
greater than most social scientific theory encompasses. Social science
will need to develop new theoretical tools for analyzing such issues as
major national and international changes in political-economic
structure, the sources of variation and change in slowly changing
aspects of human systems, the long-term impacts of short-term social
changes, relationships between global social changes and the global
environment, and links between human-environment relationships at
different levels of spatial aggregation. Analyses of these general
problems in the global change context may lead to important
theoretical advances of general use in social science.
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* Methodological pluralism is the most appropriate strategy. At least for

the near-term, a strong emphasis on building integrative models is
premature for studying the human dimensions. For the human
interactions research agenda, much more understanding of the
underlying processes needs to be developed before great strides can be
made in integrative modeling. Formal modeling should participate in a
dialogue of methods, with several complementary methods being used
to give a more complete picture than any single method can produce.

* Post hoc analyses are essential for evaluating human responses. There

remains no substitute for empirical analysis of outcomes after the fact.
Post hoc evaluations are an important part of the process of analyzing
policy alternatives for response to global change, and resources should
be provided for them. In particular, federal agencies with programs or
policies anticipated to affect processes of global environmental change
should routinely budget funds for evaluation studies of the intended
and unintended consequences of these activities. Unlike the practice of
preparing environmental impact statements, this recommendation
concerns data gathering after a policy is in place.

DATA NEEDS

A strong research program on the human dimensions of global change
requires improved availability of and access to existing data, quality control,
and collection of critical new data.

* Data Availability Data exist in great quantity on social, economic,

demographic, and political variables relevant to the human dimensions
of global change, and in even greater quantity on relevant nonhuman
variables. The major need at this point is for governmental and private
support for the necessary infrastructure for publicly shared data on
demographic, economic, political, attitudinal, and natural or physical
changes. This particularly includes the one-time costs of creating a
network and archival facility to make the material accessible to
researchers and to make data on social and natural phenomena
mutually intelligible. The network should include measures of the
major driving forces of global change at the lowest available level of
aggregation. We emphasize that expenditures on such a system should
not jeopardize needed resources for doing research and understanding
the data. The U.S. government should take steps to keep the price of
basic data close to the marginal cost of production and should try
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to influence international institutions such as the Organisation for
Economic Co-operation and Development (OECD) to do the same.
The federal government should support an effort to validate the most
promising remotely sensed indicators of social phenomena and include
them in the information network. The committee recommends that
social scientists, representing a variety of disciplines, be involved at
every stage of the design and implementation of national data and
information systems relevant to the human dimensions of global
change, including representation on the Earth Observing System
Science Advisory Panel, to ensure that data are collected and archived
in a form that facilitates analyzing human interactions.

* Quality and Interpretability of Data The quality of existing data

relevant to the human dimensions of global change may be doubtful
because of errors in collection, problems of sampling and coverage,
problems of estimation, incompatibility between ground-based and
remotely sensed data, problems of aggregation, insufficient attention to
methodology, or a lack of uniform definitions of variables across data-
collection agents. The prevalence of these problems suggests the
importance of research on the quality of available data sets. A few
targeted studies that trace the production of data on key variables using
modern techniques to analyze multiple indicators would greatly
enhance understanding of data quality and would suggest methods for
improving both conceptualization and measurement. The latter
methods can usefully be applied to unreliable data on the physical and
biological, as well as social, aspects of global change.

* Needs for New Data Needs for new data reveal themselves as research

proceeds. Nevertheless, an inventory of existing data should be
developed to determine whether expanded data collection is needed in
such areas as land use and food production, economic activity,
consumption of energy and materials, human health, population trends,
environmental quality, and environmental attitudes. There may be
needs for missing data at local, regional, or national levels; for
improved aggregated data, such as on national income in developing
countries and current or formerly socialist countries; for data on
variables for which adequate measures do not yet exist; and for data on
particular areas that are selected for purposes of comparison. The data
inventory should be developed through consultation among
researchers, governmental and nongovernmental statistical agencies,
and data base management and archiving specialists; it should be
reviewed and updated periodically.
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HUMAN RESOURCES AND ORGANIZATIONAL
REQUIREMENTS

To develop an effective research program on the human dimensions of
global change, critical needs must be met for improved institutional
infrastructure, training and retraining, and a restructuring of the federal research
effort to overcome barriers to environmental social science.

o Institutional Structures Global change research, especially in

universities, faces the same serious barriers as other interdisciplinary
programs: limited institutional support; small budgets; and few if any
faculty appointments, particularly with tenure. Individuals who commit
time to such programs often do so to the detriment of their own
careers. Therefore, in addition to short-term research support,
programs of research on the human dimensions of global change need
to develop long-term institutional identities. The committee
recommends that sponsors of research on the human dimensions of
global change address some of their support to building institutional
entities that control their own faculty appointments and other key
resources that will enable them to attract the interest and resources of
individuals who are already present but not yet committed to global
change as a research agenda.

One way to address the problems of establishing a new area of
interdisciplinary research is to create national centers for research.
Centers on the human dimensions of global change could be funded by
a consortium of government and private sources that would make a
commitment to maintain them on a long-term basis. They should be
rooted in environmental social science but should also maintain a
commitment to collaborative work with natural scientists.

Incentives are also needed to encourage collaboration between
natural and social scientists. Any research proposal that includes only
natural scientists or only social scientists should be required to justify
its decision, and grant review panels should be designed to ensure that
disciplinary criteria do not bias evaluations of interdisciplinary
proposals.

* Training Funders should make special efforts to promote

interdisciplinary communication and cooperation with fellowship and
travel grants and possibly by holding annual meetings of graduate
students and postdoctoral fellows from different disciplines to build a
sense of community and collegiality. Training efforts should
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also consider the fact that for most young researchers, career
development will require that their interdisciplinary work be grounded
in a disciplinary framework that potential employers will recognize.
We recommend that proposals for substantive research, especially for
graduate and postdoctoral research, be evaluated on their ability to
synthesize interdisciplinary questions about global change with the
theoretical and programmatic agendas of existing disciplines. The
committee also recommends that federal and private funding sources
make resources available on a competitive basis to professional
associations to initiate programs to strengthen the links between the
core theoretical concerns of individual disciplines and the human
dimensions of global change.

* Organizational Barriers to Research in the Federal Government Due to

the historical missions of federal agencies, there is an almost complete
mismatch between the roster of agencies that support research on
global change and the roster of agencies with strong capabilities in
social science. Consequently, with the exception of the National
Science Foundation, no entity in the federal government has the
expertise to develop and manage a comprehensive research agenda on
human interactions with the global environment, and many important
research needs are likely to go unmet for lack of an agency with the
mission and personnel needed to meet them. The federal government
should develop a strategy to ensure that the human dimensions
research agenda is designed and administered by organizations
committed to excellence in understanding both environmental and
human systems. The Committee on Earth and Environmental Sciences
might, as appropriate, assign important areas of human interactions
research to the National Science Foundation, to particular mission
agencies with the requirement that they take on new staff or make use
of outside expertise to handle the assignment, or, if no existing agency
is appropriate, to a new organizational entity, staffed with social and
natural scientists.

RECOMMENDATIONS FOR A NATIONAL RESEARCH
PROGRAM

The social and behavioral sciences have a vital contribution to make to
enhancing understanding of global environmental change. This contribution can
best be made through an effective partnership between the natural sciences and
the social and behavioral sciences, but two key problems obstruct development
of a strong research program: intellectual and organizational barriers to in
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terdisciplinary collaboration and inappropriate organization within the U.S.
government for managing the research effectively. The committee recommends
that the United States develop a comprehensive national research program on
the human dimensions of global change consisting of five major elements:
investigator-initiated research, targeted or focused research on selected topics, a
federal program for obtaining and disseminating relevant data, a program of
fellowships to expand the pool of talented scientists in the field, and a network
of national research centers.

Recommendation 1 The National Science Foundation should increase
substantially its support for investigator-initiated or unsolicited research
on the human dimensions of global change. This program should include a
category of small grants subject to a simplified review procedure.

The National Science Foundation program of investigator-initiated
research on the human dimensions of global change should be established on a
long-term basis, structured to include the full range of social and behavioral
sciences, and expanded substantially in terms of funding. The following
evaluation criteria should be applied in selecting among high-quality proposals
and should inform the thinking of those preparing proposals for submission.

a. Studies of the anthropogenic sources of global change deserve
priority to the extent that they address human actions that have a
large impact on one or more of the major global environmental
changes.

b. Studies of the anthropogenic sources of global change should
receive priority to the extent that they emphasize interactions
among social driving forces.

c. While there is a place for global-level studies, the emphasis in the
near term should fall on comparative studies at the national,
regional, and local levels. This approach will promote fuller
understanding of the processes at work in human interactions with
global change—an understanding that must form the basis for
generalizations at the global level.

d. Although there is room for analyses on different time scales, there
is a need to be especially supportive of studies dealing with the
environmental effects of human actions on time scales of decades
to centuries. Understanding global change requires an examination
of long-term changes in human systems as well as environmental
systems.

Copyright © National Academy of Sciences. All rights reserved.



Global Environmental Change: Understanding the Human Dimensions
http://lwww.nap.edu/catalog/1792.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.

SUMMARY

12

There is a need to support studies that compare interventions at
different points in the cycle of human-environment relationships
and make empirical assessments of their relative effects.

Research should make a systematic effort to compare and contrast
the responses of human systems at different levels of social
organization.

There is much to be gained from studies that differentiate among
distinct methods or mechanisms for influencing human behavior.
There is a need for studies of the robustness of human systems
(including social, technical, agricultural, economic, and political
systems) in the face of global environmental change.

Proposals deserve priority to the extent that they are likely to
enhance understanding of processes of decision making and
conflict management in response to global environmental changes.
Given the widespread frustration associated with policy making
concerning environmental issues and the magnitude of the human
responses that may be needed, a concerted effort to improve the
quality of collective decision making in this area is warranted.
Special attention should be given to proposals that suggest effective
methods of enhancing the partnership between the natural sciences
and the social sciences or encouraging interdisciplinary research
among the social sciences relating to global environmental change.
Proposals deserve serious consideration to the extent that they
include effective plans for increasing international collaboration.

Recommendation 2 The National Science Foundation, other appropriate
federal agencies, and private funding sources should establish programs of
targeted or focused research on the human dimensions of global change.

There is a national need to establish an ongoing program of targeted or
focused research—that is, a program that will concentrate resources to advance
understanding of topics selected by the funding sources for their obvious
significance for global environmental change. All topics selected for focused

research should meet the following criteria: (i) they deal with matters of first-

order significance to understanding causes, consequences, and responses to
global environmental change, (ii) they raise questions that typify larger classes
of concerns relating to the human di
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mensions of global change, (iii) they address the major categories of global
environmental change (for example, ozone depletion, climate change, and the
loss of biodiversity), and (iv) they show promise of yielding timely advances
regarding questions of broad interest to the social sciences. The topics must also
be sufficiently well defined to provide a basis for targeted research. Mission
agencies that usually support only applied research in social science but have
basic research programs in natural science related to global change, should
initiate support of basic research in the social sciences related to their global
change missions.

Following are examples of topics that meet our criteria for inclusion in the
initial phase of focused programs dealing with the human dimensions of global
change:

* Energy Intensity Why do economies differ so markedly in their energy
intensity? How and why does the consumption of energy per unit of
GNP change over time? What do the answers to these questions imply
about opportunities to reduce carbon dioxide emissions?

* Land Use and Food Production What factors change systems of land
use and food production toward either rapid degradation of resources
or sustainability? How do such changes correlate with population
growth, technological development, and the evolution of social
institutions?

* Valuing Consequences of Environmental Change What alternative
approaches can be used to place values on those consequences of
environmental changes that are not well reflected in market prices?
What institutional arrangements could ensure the effective use of the
most promising of these approaches?

* Technology-Environment Relationship What determines whether the
technologies developed and adopted in major economic sectors
mitigate or exacerbate global environmental change? What are the
roles of factor prices, regulatory practices, legal and institutional
arrangements, standards of performance or practice, and other
characteristics of the decision environment in determining which
technological options are pursued and adopted?

* Decision Making in Response to Global Environmental Change How
do individuals, firms, communities, and governments come to perceive
changes in environmental systems as requiring action? How do they
identify possible responses and assess the probable consequences of
such responses? Are there cultural differences in the way human
communities deal with such issues?

» Environmental Conflict How might global environmental
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changes intensify existing social conflicts or engender new forms of
conflict? What techniques of conflict resolution or conflict
management are likely to prove effective in coming to terms with these
conflicts?

¢ International Environmental Cooperation What can we learn from the
recent experience with ozone depletion that is relevant to international
efforts to deal with climate change or the loss of biodiversity? When
do governments resort to international cooperation in dealing with
environmental changes, and when are the resultant regimes likely to
prove effective?

Recommendation 3 The federal government should establish an ongoing
program to ensure that appropriate data sets for research on the human
dimensions of global change are routinely acquired, properly prepared for
use, and made available to researchers on simple and affordable terms.

There is a national need to (i) inventory existing data sets relevant to the
human dimensions of global change, (ii) critically assess the quality of the most
important of these data sets, (iii) make determinations concerning the quality of
data required for research on major themes, (iv) investigate the cost-
effectiveness of various methods of improving the quality of critical data sets,
and (v) make decisions regarding new data needed to underpin a successful
program of research. A federal program is warranted because public agencies
collect the bulk of the relevant data and because the task is so large that
individuals or private groups cannot hope to handle it effectively or efficiently.
The federal government should seriously consider the establishment of a
national data center on the human dimensions of global change parallel to the
centers that already exist for data on climate, oceans, geophysics, and space
science. An independent advisory committee, composed of researchers working
on the human dimensions of global change and including strong representation
of social scientists, should be set up to oversee the work of the federal data
program.

Recommendation 4 The federal government, together with private
funding sources, should establish a national fellowship program. Through
it, social and natural scientists prepared to make a long-term commitment
to the study of the human dimensions of global environmental change
could spend up to two years interacting intensively with scientists from
other disciplines, especially scientists from across the social science-
natural science divide.
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It is imperative to find ways to allow individual scientists to push beyond
the boundaries of their home disciplines in thinking about global change
without jeopardizing their career trajectories. A prestigious nationwide
fellowship can induce students and researchers to enhance their knowledge of
global change issues and to interact intensively across disciplines. The
fellowships should be open to graduate students, postdoctoral scientists, and
mid-career scientists on a competitive basis and carry competitive stipends.

Recommendation 5 The federal government should join with private
funding sources to establish about five national centers for research on the
human dimensions of global change and to make a commitment to
funding these centers on a long-term basis.

Because of the interdisciplinary, problem-oriented nature of the topic, the
human dimensions of global change constitutes an emerging field of inquiry
that is ripe for this sort of treatment; about five centers should be established
over the next 3-5 years. National research centers should be established at
locations that employ scientists with a proven track record in this or related
areas, to avoid the problem of intellectual opportunism. In the committee's
judgment, there is a persuasive case for maintaining relatively close ties
between universities and the national centers. However, topics that lie at the
intersection between basic and applied research may be most appropriately
investigated at a government-operated research center.

Recommendation 6 The federal government should increase funding for
research on the human dimensions of global change over a period of
several years to a level of $45-50 million.

This cost estimate assumes that the program would be phased in over time
and that, because all five program elements are necessary to the comprehensive
national research program, the program will strike a proper balance among the
program elements with regard to funding. We believe that investigator-initiated
research on human interactions, currently funded at a level of $3.6 million per
year through the National Science Foundation, can and should be tripled to a
level of about $11 million. Targeted or focused research on the human
dimensions of global change should be funded at a comparable level with
investigator-initiated re
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search. A fellowship program in full operation that awarded 100 two-year
fellowships per year would cost $10 million per year if the average annual cost
were $50,000 per fellowship, including indirect costs. Five national centers
could be maintained with small but strong core staffs for about $1 million per
center per year. Funding for data acquisition and dissemination should remain,
as in the fiscal 1991 budget, at about 20 percent of the funds allocated to human
interactions research. On that basis, we recommend that funding for the data
program be increased over the transition period to a level of $8-10 million.

The committee believes that this level of support would make possible the
establishment of a balanced national research program on the human
dimensions of global change and that the research community will be able to
take on such a commitment over a three-year period if the funding is available.
This level of funding would represent about 5 percent of the fiscal 1991 budget
for the U.S. Global Change Research Program (USGCRP) or 4 percent of the
proposed fiscal 1992 budget, in contrast to the 3 percent currently budgeted. In
light of the National Research Council's conclusion that the human interactions
science priority is "the most critically underfunded in the FY 1991 budget for
the USGCRP" (National Research Council, 1990b:95), an increase of this
magnitude over a short time period seems fully justified. Support for
appropriate parts of the research program outlined here could come from an
emerging Mitigation and Adaptation Research Strategies program as well as
from the Global Change Research Program.
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1

Prologue

The earth has entered a period of hydrological, climatological, and
biological change that differs from previous episodes of global change in the
extent to which it is human in origin. Human beings, both individually and
collectively, have always sought to transform their surroundings. But for the
first time, they have begun to play a central role in altering global
biogeochemical systems and the earth as a whole. The global changes looming
largest on the horizon are cases in point. The depletion of the ozone layer
attributed to the accumulation of chlorofluorocarbons (CFCs) in the
stratosphere is an unintended side effect of human industrial activities. The
increase of atmospheric carbon dioxide, a trend that has been accelerating since
the onset of the Industrial Revolution, is driven by the increasing use of fossil
fuels and the elimination of forests. And the loss of biological diversity is a by-
product of varied human activities, including the clearing of tropical moist
forests for agricultural purposes.

To explain or predict the course of such global environmental changes, one
must therefore understand the human sources of these changes. Because people
engage in purposeful behavior, it is also important to focus on human responses
to global changes. For example, after people learned that CFCs rising into the
stratosphere would deplete the ozone there and threaten human health, they
made serious efforts to phase out industrial and commercial uses of these
chemicals. Such human responses can alter the course of global environmental
change.

Copyright © National Academy of Sciences. All rights reserved.



Global Environmental Change: Understanding the Human Dimensions
http://lwww.nap.edu/catalog/1792.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.

PROLOGUE 18

THREE GLOBAL CHANGES

The human behavior in question is both complex and poorly understood.
To illustrate this point and to provide a backdrop for the analysis to come, we
begin with three vignettes that convey a sense of the range of concerns
addressed in this book. These three examples reappear later on to illustrate
issues in the human dimensions of global change.

GREENHOUSE GASES AND CLIMATE CHANGE

Human activities threaten to alter the global climate by releasing so-called
greenhouse gases, principally carbon dioxide, methane, CFCs, and nitrous
oxide, that have the effect of increasing the proportion of heat from the sun that
is retained at the top of the atmosphere. While it is easy to establish a
connection between the onset of the Industrial Revolution and increases of
carbon dioxide in the earth's atmosphere, the story of greenhouse gases is far
more complicated. An examination of emissions of carbon dioxide, a by-
product of the combustion of fossil fuels to produce energy and the most
important of the anthropogenic greenhouse gases, suggests a clear link between
economic development and a global increase in greenhouse gases. Yet there are
striking disparities between otherwise similar economies in how much energy
they use to produce a unit of economic output. Japan uses less than half the
energy the United States does; Bangladesh uses about half what India or
Pakistan does; the range in sub-Saharan Africa includes the least energy-
intensive economy in the world (Lesotho) and one of the most intensive
(Zambia), which differ by a factor of 56 (World Bank, 1989). Other human
activities, such as the destruction of tropical moist forests, are major
contributors to carbon dioxide emissions worldwide. In the case of methane,
population pressure appears to be a key factor, since the expansion of rice
paddies to feed the growing human populations of East and South Asia is a
major source of methane emissions. The case of CFCs points to the role of
technology as a source of the greenhouse effect; CFCs were developed initially
to eliminate problems with existing refrigerants, like ammonia, rather than as a
response to population pressure or the forces of economic development
(although, of course, population growth and economic production add to the
demand for CFCs). Nitrous oxide tells yet another tale. The largest single
source of this greenhouse gas is the use of nitrogenous fertilizers to increase
crop yields, mainly in advanced agricultural systems.
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CHLOROFLUOROCARBONS AND THE
STRATOSPHERIC OZONE LAYER

In 1987 an international protocol was signed at Montreal, in which
signatory countries declared their intention to cut CFC production and
consumption in half by the end of the century. The Montreal Protocol is
remarkable for the fact that it constitutes an anticipatory response to global
change. Although held up by many as a model for those working on other
global environmental issues, in its initial form this international agreement left
much to be desired: it did not cover a range of chemicals (for example, methyl
chloroform, carbon tetrachloride) whose effects are similar to those of CFCs; it
allowed developing countries to actually increase their use of CFCs; it offered
minimal assistance to governments seeking to reduce the use of CFCs within
their own jurisdictions; it provided little guidance on compliance; and it did not
succeed in drawing in key players like China and India. But the pressure of
worldwide public opinion, driven by dramatic recurrences of sharp yearly
reductions in ozone over Antarctica and by a growing scientific consensus
concerning the dangers of ozone depletion, led to a renegotiation of the protocol
that has strengthened its provisions in a number of areas. Under a series of
amendments to the Montreal Protocol negotiated in London in 1990, CFCs and
halons are to be phased out by the year 2000, and methyl chloroform and
carbon tetrachloride have been added to the list of chemicals to be eliminated.
The creation of an international fund to assist developing countries in switching
to alternatives to CFCs has persuaded China and India to say they will join the
agreement.

Nevertheless, the new provisions do not solve all the problems associated
with ozone depletion. CFCs already in the atmosphere are expected to cause
significant reductions in stratospheric ozone over a period of several decades.
There is no guarantee that the chemicals developed as substitutes for CFCs will
prove benign over the long run (CFCs themselves were thought to have ideal
properties when they were introduced in the 1930s). Hydro-chlorofluorocarbons
(HCFCs) and hydrohalocarbons (HFCs), prominent among the candidates to be
used as substitutes for CFCs, have already provoked opposition from those
concerned about their potential contribution to the greenhouse effect. That
opposition makes prospective producers such as DuPont reluctant to invest
heavily in facilities needed to initiate large-scale production of the chemicals
(Holusha, 1990a, b). Still, the international response to the problem of ozone
depletion has been note
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worthy as a quick and decisive reaction to a threat whose impact lies largely in
the future. Many now wonder whether this case offers lessons of value for those
struggling to come to terms with other global changes, such as climate change
and the loss of biological diversity.

AMAZONIAN DEFORESTATION AND THE LOSS OF
BIOLOGICAL DIVERSITY

Human activities are decreasing biological diversity on land, in fresh
waters and the seas, in industrialized and developing nations, from the coldest
inhabited lands to the tropics. But because of the huge variety of species
confined to the tropical moist forests, their destruction is likely to cause more
loss of biological diversity at the species level than any other human activity.
Although the scale of this destruction is hard to measure accurately, recent
estimates indicate that, on a world scale, an area of tropical moist forest roughly
the size of Honduras is deforested or converted annually (Erwin, 1988),
resulting in the extinction of species at a rate that has been estimated at 17,500
species per year, assuming 5 million species in the tropical moist forests
(Wilson, 1988). The immediate, or proximal, causes of deforestation are easy to
identify: the conversion of forest to agricultural use, logging, mining, industrial
development (e.g., hydroelectric power), and the search for fuel wood and
fodder. But what lies behind these proximal causes? A popular notion associates
the destruction of tropical moist forests with population pressure. But the best
analyses suggest that in some important forest regions, such as the Amazon, this
argument explains, at most, only a small part of deforestation (see Chapter 3).

In fact, a constellation of distinct, though interacting, forces appears to be
at work. The destruction of the tropical moist forest of Brazil's Amazon Basin
offers an example. One key force manifests itself in the pressure of international
markets for mineral and wood products, coupled with the country's interest in
encouraging exports for the purpose of reducing its international debt. Public
policies intended to promote economic development also contribute to the
destruction of Amazonian forests (for example, government-sponsored road
construction, hydroelectric power projects, and favorable tax treatment for large
ranching operations, though the last has recently been withdrawn). Corporations
cut trees to initiate mining and smelting operations, and more trees to fuel the
processes. A frontier mentality encourages rapid use of forest resources on the
assumption that there will
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always be new frontiers to open up when current areas are exhausted. And a
history of nationalistic feelings—only now changing—encourages forest
clearing: people have felt that Brazil must develop all of its resources to assume
its rightful place as a world power. The incentives for policy makers to promote
conservation have been weak: many of the costs of destroying tropical moist
forests (for example, the resultant loss of biodiversity) are unknown or borne by
those residing in other parts of the world, and consequently were ignored until
recently by Brazilian policy makers. Under prevailing institutional
arrangements, the incentives for individuals and corporations favored "mining"
the forests, not conserving them. Although the proximal causes of the
destruction of ancient forests are not difficult to pinpoint, the story becomes
much more complex as we shift our attention to underlying causes that must be
understood in order to control or redirect the behavior in question. The story is
even more complex when one moves beyond Brazilian Amazonia and considers
that the underlying causes and their relationships can be quite different from
one country to another.

IMPLICATIONS

What do these stories tell us? They support the general notion that global
environmental change is driven by trends in global production and
consumption. But to recognize this is not necessarily useful for understanding
specific types and rates of change or the complex set of factors influencing
production and consumption. Single-factor explanations of the anthropogenic
sources of global environmental change are apt to be misleading at best. It
follows as well that simple, one-dimensional policies, such as a carbon tax or a
uniform law of the atmosphere, cannot by themselves control global
environmental change.

The stories also suggest the need to build stronger links between the
natural sciences and the social sciences in efforts to understand global
environmental changes and to devise public policies to respond to them in an
effective manner. To project such changes, natural scientists must also project
human behavior: what actions might affect the environment, how people might
respond to environmental changes, and how people might use information in
making decisions about their relationship to the environment. The quality of the
environmental analysis is limited by the quality of the behavioral analysis that it
includes. Erroneous assumptions about the future course of human behavior can
lead analysts
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to incorrect projections of environmental change. Erroneous assumptions about
how environmental change affects people can lead to neglect of feedback
processes, including policy responses, that may mitigate or accelerate natural
processes. Erroneous assumptions about human decision making can lead
analysts to generate information that decision makers find useless or
unresponsive to their needs.

Similarly, to understand the human dimensions of global change, social
scientists must understand environmental processes. They need to understand
what is known about how the greenhouse effect is likely to affect climate in
order to understand which changes are likely to be noticed and thus lead to
spontaneous responses. To evaluate alternative policy responses, they need to
know which behaviors are believed to have major effects on the balance of
atmospheric gases or the habitats of threatened species, and which, only
minimal effects. Erroneous assumptions may lead social scientists to waste
effort studying behaviors that are unlikely to occur or to have much impact on
global change.

Consequently, effective cooperation between natural scientists and social
scientists is essential for making progress. But such cooperation is not easy to
achieve under the best of circumstances. We have more to say about this
cooperation and about ways to strengthen it at a number of points in this book.

ORGANIZATION OF THE BOOK

This book articulates the principal elements of a strategy for adding to
knowledge of the human dimensions of global environmental change. It takes
stock of relevant existing knowledge, identifies what is unknown but might be
learned about human behavior that could improve understanding of global
change, and sets forth a series of programmatic guidelines to give direction to
efforts over the next 5 to 10 years to improve that understanding. Chapter 2
presents a working definition of global change and a schematic model of the
relationships between environmental and human systems. Chapters 3 and 4
elaborate on these relationships: Chapter 3 explores both the proximate and the
underlying sources of anthropogenic change in large physical and biological
systems. Chapter 4 concentrates in turn on human consequences of global
environmental changes and responses to them. In these chapters, we outline
current knowledge about the human dimensions of global change, identify
important feedback loops between natural and human systems and between
human causes of global
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change and human responses, and set forth an intellectual framework. We also
identify particularly important near-term research needs whenever possible.

The report then turns to a number of problems that must be overcome in
order to stimulate effective research. Chapter 5 examines a range of theoretical
and methodological problems that confront efforts to broaden and deepen our
understanding of the human dimensions of global change. Chapter 6 deals with
data needs, including the needs to acquire baseline data on human systems, to
assess and improve the quality of data, and to make relevant data more
accessible to analysts. Chapter 7 takes up issues relating to human resources
and organization that must be addressed in order to build a healthy program of
research. These chapters include specific recommendations regarding research
priorities; development of theory, methodology, and data; and improvement of
human resources and the organizational basis for research. The chapters will be
of particular interest to researchers and research managers concerned with
providing an intellectual base for the long-term. Chapter 5, in particular, will be
of interest to social scientists who are looking for ways to relate global change
research to progress in their disciplines.

In Chapter 8, we present the structure of a national research program on
the human dimensions of global change.
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2

Global Change and Social Science

Concern about global environmental change is sweeping through the
scientific community, both in this country and abroad. Interest was organized at
the international level through the International Geosphere-Biosphere
Programme (IGBP), an activity of the International Council of Scientific
Unions. The program officially focuses on issues of physical and biological
science, although a few of the principals have emphasized the human
dimensions of global change and sought to involve the social sciences (Clark,
1988; International Federation of Institutes for Advanced Study, 1987; Jacobson
and Price, 1990; Kates, 1985a, b; Kates et al., 1985; for an important analysis
by Americans, see Chen et al., 1983). More recently, natural scientists in the
United States and some other countries have increasingly realized that global
change cannot be understood, much less dealt with sensibly, in the absence of
substantial contributions from the social sciences. For one thing, human
responses to global change are likely to feed back into the processes at work to
amplify, dampen, or redirect the changes in question. Even more important, the
global changes of greatest interest today, like ozone depletion, climate change,
and the loss of biodiversity, are largely anthropogenic in origin. Recognizing
such phenomena, the National Research Council's Committee on Global
Change, which originally consisted entirely of natural scientists, has
consistently emphasized the importance of the human dimensions and has
increasingly involved social scientists in its efforts (Clark, 1988; Na
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tional Research Council, 1990b). Other interdisciplinary efforts sponsored by
the International Federation of Institutes for Advanced Studies, the International
Social Science Council, and other groups have also involved social scientists in
the study of global change.

In this book, we use the term social science to cover a broad range of
research activities usually associated with disciplines such as economics,
sociology, political science, psychology, anthropology, geography, and history
and interdisciplinary fields such as policy science, human ecology, and
management. Social science involves the systematic study of the behavioral
processes of individuals and social groups, organizations, and institutions. Our
use of the term includes activities that are sometimes characterized as
behavioral science.

Natural scientists interested in global change sometimes harbor false
expectations about the contributions social scientists can make to understanding
of global change. But the important point is that the U.S. global change
community is now remarkably receptive to input from the social sciences. It is
consequently time for social scientists to take seriously the challenge of
mapping a strategy to add to knowledge of global environmental change.

GLOBAL CHANGE AND ENVIRONMENTAL SYSTEMS

Global environmental changes are alterations in natural (e.g., physical or
biological) systems whose impacts are not and cannot be localized. Sometimes
the changes in question involve small but dramatic alterations in systems that
operate at the level of the whole earth, such as shifts in the mix of gases in the
stratosphere or in levels of carbon dioxide and other greenhouse gases
throughout the atmosphere. We speak of global change of this sort as systemic
in nature because change initiated by actions anywhere on earth can directly
affect events anywhere else on earth. Other times, the changes in question result
from an accretion of localized changes in natural systems, such as loss of
biological diversity through habitat destruction and changes in the boundaries of
ecosystems resulting from deforestation, desertification or soil drying, and
shifting patterns of human settlement. Global changes of this sort we describe
as cumulative in nature; we consider them global because their effects are
worldwide, even if the causes can be localized (for further exposition of the
concepts of systemic and cumulative global change, see Turner et al., 1991b).
The boundary between systemic and cumulative change
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is not sharp; it depends on how rapidly an environmental change spreads in
space.

The most prominent global changes, as noted in Chapter 1, are increases in
atmospheric greenhouse gases, depletion of the stratospheric ozone layer, and
loss of biological diversity. There are others, however, such as pollution of the
oceans (a systemic change) and possibly degradation of soil quality (a
cumulative change)— and yet others are probably still unknown. People also
debate whether the acidification of lakes and forests caused by the long-range
transport of airborne pollutants is a global or only a regional change.
Nevertheless, the appropriate strategy for scientific analysis of global change
seems straightforward. One may conceive of the earth as a complex system
composed of a number of differentiable but interacting spheres or subsystems.
Some of these, including the atmosphere, the biosphere, the geosphere, and the
hydrosphere, can be thought of as environmental systems, in that from the
human perspective they constitute the environment. Others, sometimes called
the noosphere or the anthroposphere and further subdivided—for example, into
economic, political, cultural, and sociotechnical systems—can be distinguished
as human systems (the terms environmental systems and human systems are
taken from Clark, 1988). Approached in this way, the study of global change
centers on efforts to understand how environmental systems at the global level
affect or are affected by changes in any one of these spheres or subsystems. Key
to this study is understanding the feedback mechanisms between subsystems
that either amplify or dampen the initial impacts.

Much public concern with global change comes from the sense that
amplifying (positive) feedback mechanisms involving environmental systems
may be impossible to control once they get started. Accumulation of greenhouse
gases, for example, may raise temperatures sufficiently to increase rainfall in
the high north latitudes, threatening the capacity of plants and animals to
survive in a rapidly changing environment (ARCS Workshop Steering
Committee, 1990). These changes in turn may contribute to an acceleration of
climate change by lowering the earth's albedo through reduction in snow cover
and sea ice. Warming will also affect the global hydrological cycle by changing
precipitation and evaporation patterns, leading to shifts in vegetative cover;
these changes in turn could amplify the warming in areas where desertification
is taking place. Another possibility is that some global changes may trigger
dampening (negative) feedbacks that offset or even dominate the forces
unleashed by positive feedback processes.
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Warming may increase low-level sea clouds leading to cooling due to the
radiative effect of increased planetary albedo. Increases in the level of carbon
dioxide in the atmosphere, for example, may stimulate the growth of plants
through leaf changes that increase photosynthetic activity and CO, uptake,
thereby moving the planetary climate system back toward its initial condition.

There is nothing new about global change. The earth has always been a
highly dynamic system whose atmospheric, biological, and geological
properties have changed, sometimes dramatically, over the course of time. And
there is nothing new about global change forcing humans to make drastic
changes in their ways of life. Between about 12,000 and 25,000 years ago (and
later, in Canada)—a recent time in the two-million-year existence of the human
species—thick sheets of ice covered most of northern Europe and Canada. The
sites of present-day New York and Paris had arctic climates, and sea levels were
about 100 meters lower than they are today.

But the global environmental changes occurring now differ from those of
the past in at least two ways that have profound consequences for our thinking
about this subject. For one thing, the pace of global change has picked up
dramatically. Methane concentration in the atmosphere has doubled in the past
century; chlorofluorocarbons (CFCs), which accounted for about one-quarter of
the anthropogenic contribution of greenhouse gases in the 1980s, were not
present in the atmosphere before the 1930s (Houghton et al., 1990). Such
changes require analysis on the time scale of centuries or even decades for
understanding ozone depletion or global climate change. Equally important is
the fact that the global changes we are concerned with today are largely
anthropogenic in origin. Humans are no longer simply innocent victims
compelled to adapt, in some cases rapidly, to large-scale changes in
environmental systems resulting from forces beyond their control. Instead, it is
human behavior itself that must be controlled if we are to succeed in
ameliorating or redirecting global change.

TRENDS IN GLOBAL CHANGE

A remarkable feature of the current concern about global change is that it
is largely anticipatory of any effect on humanity. None of the environmental
changes in question has moved beyond the early stages of its projected
trajectory, and several of the global changes of greatest concern have yet to
manifest themselves in any unambiguous and convincing fashion. Given the
short-term
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nature of so much human activity, and considering the great uncertainties about
the future course of global change, the level of concern about global
environmental change now expressed in a variety of public forums is
extraordinary. In the interest of providing a common vantage point from which
to examine the human dimensions of global change, we present a brief synopsis
of current expectations in the scientific community regarding trends in ozone
depletion, climate change, and the extinction of species.

There is general agreement that the yearly reductions in ozone over
Antarctica are a reliable pattern (seasonal depletions of up to 50 percent were
measured in 1987 and again in 1989 and 1990), that emissions of CFCs into the
atmosphere are a principal cause of this phenomenon, and that CFCs already in
the stratosphere will constitute a growing source of ozone depletion for several
decades, regardless of efforts to reduce or eliminate additional emissions. The
effects of the resultant increase in ultraviolet radiation (more specifically, UV-
B) reaching the earth's surface, moreover, are widely believed to include
damage to human health (in such forms as skin cancers, cataracts, and
suppression of the human immune response system) and to plants and aquatic
organisms (including crops of considerable importance to humans). Beyond
this, our knowledge of ozone depletion is less clear-cut. There is some evidence
of Arctic depletions that are significant, though less severe, than those recorded
in Antarctica; decreases of a few percent are observed. Predictions of future
trends in ozone depletion are sensitive to changes in a number of variables,
including human responses to the threat of severe ozone depletion. And much
remains to be learned about the consequences of increased ultraviolet radiation
(Solomon, 1990).

Global climate change is undoubtedly more complex than ozone depletion,
more difficult to project, and more important in terms of its potential impacts on
human welfare. Projections of temperature trends over the next century are
based largely on scenarios of increasing concentrations of greenhouse gases in
the earth's atmosphere (chiefly carbon dioxide, methane, CFCs, and nitrous
oxides). Projections of the equilibrium temperature response, expressed as a
global mean temperature, are shown in Figure 2-1 for four scenarios, one
assuming current growth rates and the others assuming progressively increasing
controls of greenhouse gas emissions to the atmosphere. The best available
analytical tools project that, assuming current growth rates for emissions, we
can expect a significant rise in worldwide equilibrium temperature (perhaps 1-5
degrees Celsius by the middle of the
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next century). However, the models are affected by several major uncertainties
(for example, the role of clouds as reflectors of sunlight and of the oceans as
carbon sinks), and sizable regional variations in temperature change are
expected. In addition, there are sharp differences of opinion concerning the
question of whether the trends predicted as a consequence of the greenhouse
effect have already begun to appear in the actual data on global temperatures.
While many observers interpret the increase of approximately 0.5 degree
Celsius in mean global temperature recorded during the twentieth century as
induced by the greenhouse effect, "it is not yet possible to attribute a specific
portion of the ... warming to an increase of greenhouse gases" (Folland et al.,
1990:199). Predictions of climatic changes other than warming, such as in
precipitation and cloud patterns, are even more uncertain (Houghton et al., 1990).
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FIGURE 2-1 Best-estimate projected increases in global mean temperature due
to observed (1850-1990) and projected emissions of greenhouse gases under
business-as-usual assumptions and resulting from Intergovernmental Panel on
Climate Change scenarios B, C, and D, which assume increasing levels of
control of emissions. Uncertainty about the effect of emissions on temperature
change could increase the 2100 temperature under business-as-usual
assumptions by as much as an additional 2.0° C or decrease it by 1.4° C.
Source: Houghton et al. (1990)

Though the total number of species on earth is not known, conservative
estimates suggest a number of 3 to 10 million, of which approximately 1.4
million have been formally described (Wilson, 1988); recent estimates,
however, range up to 30 or even 50 million species (Erwin, 1982, 1988). The
history of species
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diversity on the planet appears to be one of long-term increases punctuated by
episodes of mass extinction. Students of biodiversity recognize a number of
mass-extinction events of varying magnitude, the one at the end of the Permian
period being the most severe. The number of species appears to have increased
since the mass extinction at the end of the Cretaceous period, 65 million years
ago, but it has recently been declining at an unprecedented rate due to human
activities. The rate of extinctions has been estimated at 1,000 or more times that
before human intervention (Wilson, 1988). Destruction of land, fresh-water, and
marine ecosystems is occurring worldwide; the destruction of tropical moist
forests, which are thought to contain more than half of the earth's species, is the
most important single cause of the acceleration in the extinction rate. The
probable consequences of this trend for human welfare are not easy to foresee.
The fact that humans now exploit only a tiny fraction of the earth's species may
encourage a somewhat cavalier attitude toward the preservation of biological
diversity. Yet there is a strong utilitarian case to be made for preserving the
diversity of species on the grounds that future discoveries may demonstrate
significant uses for many species and that species of no economic value may
play critical roles in maintaining the stability of large ecosystems. In addition,
there are powerful aesthetic and ethical arguments for maintaining biological
diversity.

CHARACTERISTICS OF ENVIRONMENTAL SYSTEMS

Large physical and biological systems exhibit a number of characteristics
that present challenges to those endeavoring to understand them. They require
advances in scientific concepts, theories, and methods beyond those typical of
existing disciplines. We briefly summarize these characteristics here. In
Chapter 5, we note that human systems have analogous properties that pose very
similar challenges for the social sciences.

Complex interdependencies exist both within and between environmental
systems. Changes in one part of the earth's environment can have effects in
surprising places. For instance, a recent proposal is that adding iron to the
oceans may reduce the buildup of carbon dioxide in the atmosphere by
removing the limiting factor to the growth of phytoplankton, which absorb
excess carbon dioxide from the air (Martin et al., 1990). Although serious
questions have been raised about the proposal (e.g., Lloyd, 1991), this sort of
phenomenon makes predictions of environmental
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changes difficult. Causes and effects can be widely separated in space, and the
knowledge necessary for prediction often requires contributions from scientific
disciplines that do not ordinarily communicate with each other. Human
activities intended to affect only one aspect of the environment can have far-
flung and unanticipated consequences. Because no one can foresee when and
how human activities will produce undesired effects, it is not clear in advance
how to control them.

Global environmental systems frequently exhibit nonlinear responses.
Mathematical models of global processes demonstrate that, under certain
conditions, small perturbations in environmental systems can have large effects.
In principle, a minute air current, of the sort a butterfly fluttering its wings
might produce, could cause a major storm halfway around the world. Similarly,
some small changes in human activities can produce huge effects—yet some
large changes may make no difference. The net result is great uncertainty in
predicting relationships between initial changes and final outcomes. Scientific
analysis cannot easily come to terms with uncertainty of this sort because so
little is known about the thresholds in either natural or human systems at which
incremental changes are sufficient to trigger sharp discontinuities. Still, the
phenomena are important because the most serious impacts of gradual
environmental changes on human welfare (for example, the buildup of carbon
dioxide) may result from an increased frequency of catastrophic events, like
floods and crop failures, rather than from slow changes in average temperatures.

Environmental systems can undergo irreversible changes. The clearest
example is the extinction of species. Ecosystems can also go extinct as a result
of pollution beyond the point of no return or the conversion of their locales to
human uses. Climate changes that cause forests to "migrate" can move them to
locations from which they cannot naturally return, even if the climate system
reverts to its original condition. Deforestation in some tropical areas causes
soils to become unfit over time for annual crops or for revegetation by
preexisting species. Discontinuities of this sort cause concern not only because
of the value of what is lost but also because irreversible changes can reverberate
through interdependent systems to cause additional changes that may be
irreversible as well. And it is difficult to predict which environmental changes
will have irreversible effects.

Long lag times are common in environmental systems. CFCs released into
the atmosphere migrate to the stratosphere, where
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they are broken down by sunlight over a period of decades to several centuries.
CFCs released in the 1990s will continue to destroy ozone in the stratosphere
well into the twenty-first century and, in some instances, beyond. Because of
such slow effects and the interdependencies of environmental systems, many
human interventions in the global environment constitute uncontrolled
experiments whose results may not be known for generations. This makes
knowledge difficult to accumulate. It also increases the demand for knowledge
both because these experiments may threaten the whole earth and because they
have the potential to set catastrophes in motion before their effects are even
noticed.

Global environmental changes can result from the interactions of local
systems with each other and with larger-scale systems. For some analytic
purposes, it is inadequate to treat the earth as possessing a single environment.
Although the atmosphere is global, understanding of the biosphere may need to
be built up from knowledge at smaller spatial scales, such as ecosystems or
biomes. Thus, knowledge of global change requires ways to understand
relationships across spatial scales (Clark, 1987; Rosswall et al., 1988). Human
activities compound the challenge by redistributing species and transforming
habitats, thus altering the ways ecosystems interact.

These characteristics of the global environment present serious challenges
for scientific research and may call for new theories and methods. In addition to
progress on scientific questions that fall within standard disciplinary
boundaries, problems of global change require approaches that treat the earth as
a single interactive system and stress the powerful interdependencies among
environmental (and human) systems. Such approaches tend to be
interdisciplinary rather than multidisciplinary (Schneider, 1988) and are often
characterized by holistic analytic premises such as those of ecology or systems
analysis.

The nature of the global environment also raises doubts about the value of
the existing structure of scientific disciplines for understanding global change.
To the extent that resources continue to be channeled through the familiar
disciplines, the disciplines look increasingly like part of the problem. Those
working on computer models of global climate change (that is, general
circulation models) already find it necessary to incorporate into their algorithms
variables and relationships from various disciplines of physical science;
biological variables and relationships will increasingly be included as the
models are refined. And pressure is growing to incorporate projections of
human activities into
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evolving models of the earth system (National Research Council, 1990b:111).
The need to understand global change may well become a powerful force for
change in the existing structure of scientific disciplines.

ENVIRONMENTAL SYSTEMS AND HUMAN SYSTEMS

Research on the human dimensions of global change strives to understand
the interactions between human systems and environmental systems,
particularly global environmental systems, and to understand the aspects of
human systems that affect those interactions. Human systems include
economies, populations, cultures, governments, organizations that make
technological choices, and so forth. Many of them are associated with
disciplines that specialize in their study. Environmental systems include
systems of atmospheric gas exchange, biogeochemical dynamics, ocean
circulation, ecological interactions of populations of organisms, and so forth.
These also tend to be associated with academic specializations.

Interactions between human systems and environmental systems have two
critical interfaces, as shown in Figure 2-2. One is the subset of human actions
that act as proximate causes of environmental change, that is, that directly alter
aspects of the environment. The other is the subset of outcomes of
environmental systems that proximally affect what humans value.

The example of anthropogenic climate change can clarify the relationships
involved. Each human system has its own internal dynamics, and each also
interacts with other human systems and the environment. Some of the activities
of human systems, such as fossil fuel burning and agricultural conversion of
wetlands, are significant proximate causes of global environmental change.
That is, they directly alter aspects of the environment in ways that have global
effects. These particular proximal causes add carbon dioxide and methane to the
atmosphere and thus contribute to the greenhouse effect. The human causes of
global environmental change, which are the focus of Chapter 3, include the
human activities that proximally, or directly, alter the global environment and
the aspects of human systems that explain those activities and therefore affect
the global environment indirectly through their effects on the proximal causes.
It is important to emphasize that the human causes of global environmental
change quite often depend on decisions made and actions taken without any
consideration of the global environment.

