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Preface

This publication is extracted from a much larger report, Global
Environmental Change: Research Pathways for the Next Decade, which
addresses the full range of the scientific issues concerning global environmental
change and offers guidance to the scientific effort on these issues in the United
States. This volume consists of Chapter 7 of that report, ''Human Dimensions of
Global Environmental Change,'' which was written for the report by the
Committee on the Human Dimensions of Global Change of the National
Research Council (NRC). It provides findings and conclusions on the key
scientific questions in human dimensions research, the lessons that have been
learned over the past decade, and the research imperatives for global change
research funded from the United States.

This publication demonstrates the emergence of a mature research agenda
based on an established framework of questions and published findings. It
shows how social science provides insights, models, and data of immediate
relevance and application to research in earth science (such as projecting carbon
emissions or land use change and estimating climate's effects). It also notes
progress in understanding of the basic social processes and driving forces
underlying the human relationship to the environment (such as public attitudes
and population dynamics). In addition, it shows ways in which the social
sciences can help direct the priorities of the overall global change program
towards more integrated, policy relevant, and effective research imperatives.

Although most of the material on human dimensions research in the larger
report appears in this volume, our committee also contributed material on
human dimensions to other parts of that report, particularly Chapters 8 and 10,
on observations and modeling, respectively. The observations chapter includes
a section highlighting the significance of social, economic, and health data to
global change
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research. It notes, for example, the importance of agricultural and population
census data in land use research and the need for data on energy production and
consumption in research on the carbon cycle. Major challenges include the
difficulties of linking social and biophysical data across different scales and
spatial units and the lack of data comparability across different political
jurisdictions. The chapter also notes that most of the key social data in the
United States are collected by agencies, such as the Census Bureau and
Department of Health and Human Services, that do not have environmental
responsibilities, and such data are not precisely georeferenced. The chapter also
addresses issues of confidentiality and privacy raised by detailed human
dimensions observations.

The chapter on modeling contains a section that discusses the challenges of
including human processes in integrated modeling of the earth system. Noting
some progress in integrated modeling, the section highlights the very large
uncertainties and great diversity within social systems that limit the
predictability of both the human system and the overall earth system. We refer
you to these chapters to see the human dimensions issues in context.

The larger report also includes major chapters on ecosystems, seasonal to
interannual climate change, decade to century climate change, atmospheric
chemistry, and paleoclimate. It makes important recommendations to focus the
efforts of the global change research in the United States on central scientific
questions and urges the creation of a coherent observational strategy to help
answer these questions. We commend the entire report to the social science
research and policy communities. Our committee decided to publish Chapter 7
separately in order to reach a community of scholars, students, and policy
makers in the United States and elsewhere who have a focused interest in
human-environment interactions.

The Committee on the Human Dimensions of Global Change began
working a decade ago, at the same time that the U.S. government established
the interagency U.S. Global Change Research Program and the U.S. National
Science Foundation established a formal program to study the human
dimensions of global environmental change. Over that decade, U.S. government
support for human dimensions work has expanded modestly, an increasing
number of scholars have identified themselves with the field, and efforts have
been made to integrate social science into the broader global change programs.

Our committee has offered advice from the scientific community to these
efforts within the government. It has worked to develop the intellectual basis for
progress in understanding human-environment interactions and to set research
directions for the future. The committee's 1992 report, Global Environmental
Change: Understanding the Human Dimensions, established a framework and
research agenda for studying the human causes, consequences, and responses to
changes in the global environment such as changes in climate and biodiversity.
Since then, the committee has published several reports on specific topics
(Environmentally Significant Consumption: Research Directions [1997], People
and Pixels: Linking Remote Sensing and Social Science [1998], and Making
Climate
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Forecasts Matter [1999]) and one report on science priorities—Science
Priorities for the Human Dimensions of Global Change (1994). However, until
the present publication, the committee had not taken the time to reflect on
overall progress, the evolution of research questions, and important lessons
learned since the 1992 report.

In 1995 the Committee on Global Change Research began a major review
of the status of the U.S. research effort on global change. Early in the process, it
became clear that human dimensions research was a critical crosscutting
activity across the four themes of the national research program: seasonal to
interannual climate prediction, decadal to centennial climate change,
atmospheric chemistry, and terrestrial and marine ecosystems. Because our
committee had expertise spanning these and other areas, we chose to devote
considerable time as a group to developing a chapter for this major review that
would identify key science questions, lessons learned, and research imperatives
in the field of human dimensions of global change.

I would like to acknowledge the outstanding support and contributions of
Paul Stern in helping to prepare the chapter that comprises this report as well as
the work and ideas of both present and past members of the Committee on the
Human Dimensions of Global Change. Human dimensions researchers Robert
Chen, Hadi Dowlatabadi, Greg Knight, Roger Pulwarty and Marvin Waterstone
and Robert Costanza of the Committee on Global Change Research also made
suggestions of material to be included in the chapter. Very sincere thanks are
also due to Berrien Moore and Ed Frieman, chairs of the Committee on Global
Change Research and the Board on Sustainable Development, respectively, who
encouraged our efforts. I am grateful for the support and encouragement of
Barbara Torrey of the NRC's Commission on Behavioral and Social Sciences
and Education and Robert Kates of the Board on Sustainble Development, and
very appreciative of the assistance and editorial work of David Goodrich, Shere
Abbott, Sylvia Edgerton, Laura Sigman, and other NRC staffers who worked so
diligently on the report from which this chapter is taken.

DIANA M. LIVERMAN, CHAIR

COMMITTEE ON THE HUMAN DIMENSIONS OF GLOBAL CHANGE
(1995–1998)
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Human Dimensions of Global
Environmental Change: Research

Pathways for the Next Decade*

SUMMARY

Research on the human dimensions of global change concerns human
activities that alter the Earth's environment, the driving forces of those
activities, the consequences of environmental change for societies and
economies, and human responses to the experience or expectation of global
change. Such research is essential both to understand global change and to
inform public policy.

Research on the human causes of global change has shown that
socioeconomic uncertainties dominate biophysical uncertainties in climate
impacts and possibly also in other impacts of global change. It has shown that
human activities, such as deforestation and energy consumption, are determined
by population growth, economic and technological development, cultural
forces, values and beliefs, institutions and policies, and the interactions among
all these things. Ongoing research is improving our understanding of the
dynamics of several of these driving forces. It has shown, for example, that
human interactions with the environment do not necessarily lead to a "tragedy
of the commons" and has begun to enumerate the necessary conditions for
successful long-term environmental resource management. Research on the
human consequences of global change shows that they are due at least as much
to the social systems that produce vulnerability as to environmental changes
themselves. This work is refining estimates of impacts and identifying major
sources of vulnerability. Research on

* This chapter was written by the National Research Council Committee on the
Human Dimensions of Global Change, with contributions and editing by the Committee
on Global Change Research.
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human responses is continually developing and applying better analytical
procedures to estimate the costs of global change and policy response options,
considering their dependence on highly contestable judgments about nonmarket
values and intergenerational equity. Much human response research is focused
on the design of human institutions to reduce vulnerability and manage global
resources more effectively.

Research over the past decade has made considerable progress, but there
are still many unresolved questions. Key research imperatives for the next
decade are the following:

•   Understanding the social determinants of environmentally significant
consumption. Research should focus on the most environmentally
significant consumption types, changes in consumption patterns as a
function of economic growth and development, materials
transformations, and the potential for related policy changes.
Consumption is a key variable driving trends and patterns in the human
impact on atmospheric composition, land use, and biogeochemical
cycles.

•   Understanding the sources and processes of technological change.
Research must address the causes of "autonomous" decreases in energy
intensity, determinants of the adoption of environmental technologies,
and effects of alternative policies on rates of innovation and the role of
technology in causing or mitigating global changes.

•   Making climate change assessments and predictions regionally
relevant . Research must develop indicators for vulnerability, project
future vulnerability to climatic events, link climate change with social
and economic changes in projections of overall regional impacts and
their distribution, and improve communication and warning systems,
especially in view of recent developments in forecasting.

•   Assessing social and environmental surprises. The historical record of
social and environmental surprises must be explored to clarify the
consequences of major surprises, identify human activities that alter
their likelihood, and better understand how communication and hazard
management systems can help in responding to surprises.

•   Understanding institutions for managing global change. Research
should clarify the conditions favoring institutional success or failure in
resource management; the links among international, national, and
local institutions; and the potential of various policy instruments,
including market-based instruments and property rights institutions, for
altering the trajectories of anthropogenic global changes.

•   Understanding land use/land cover dynamics and human migration.
This research should examine and compare case studies of land use
and land cover change; develop a typology that links social and
economic driving forces to land cover dynamics; and model land use
changes at regional
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and global scales, particularly as they affect ecosystems and
biogeochemical cycles and the human consequences of environmental
change.

•   Improving methods for decision making about global change. Research
should improve ways of estimating nonmarket values of environmental
resources, incorporating these values into national accounts,
representing uncertainty to decision makers, and structuring decision
making procedures and techniques of scientific analysis so as to bring
formal analyses together with judgments and thus better meet the
needs of decision making participants.

•   Improving the integration of human dimensions research with other
global change research. Human dimensions research supports each of
the other fields of scientific research on global change and also
addresses key crosscutting issues. It requires focused and coordinated
support that draws on the strengths of both disciplinary and
interdisciplinary approaches and that takes advantage of value added
by international collaborations.

•   Improving geographic links to existing social, economic, and health
data. Human dimensions data systems benefit from adding geographic
information to ongoing social data collection efforts, with appropriate
safeguards for confidentiality. The effectiveness of these data systems
depends on adequate and stable support. The time is ripe for a careful
review of the observational needs for human dimensions research, with
careful attention to the ability to link to other observational systems.

INTRODUCTION

Study of the human dimensions of global environmental change
encompasses analysis of the human causes of global environmental
transformations, the consequences of such changes for societies and economies,
and the ways in which people and institutions respond to the changes. It also
involves the broader social, political, and economic processes and institutions
that frame human interactions with the environment and influence human
behavior and decisions. Significant among these are the processes and
institutions that use scientific information about environmental processes and
human-environment interactions as inputs to human choices that alter the course
of those processes and interactions. Thus, one of the human dimensions of
global change involves the practical use of scientific information and the issue
of how to make such information more useful for decision making. Beginning
with a focus on climate change, human dimensions research is expanding to
address changes in biodiversity, land and water, pollution, and other globally
significant resources and to draw on the extensive literature that addresses
human-environment interactions.

Human transformations of the global environment have a long history.
Table 7.1 shows that, since 1700, human activity has converted 19 percent of
the world's forests and woodlands to cropland and pasture. This shift has altered
bio-
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geochemical cycles, land surface characteristics, and ecosystems so much that
the Earth system itself has changed significantly.

TABLE 7.1 Changes in Land Cover, 1700 to 1980

Land Cover Type Area in 1700 (millions of
hectares)

Area in 1980 (millions of
hectares)

Forest and woodlands 6,215 5,053
Grassland and pasture 6,860 6,788
Croplands 265 1,501

SOURCE: Adapted from Richards (1990). Courtesy of Cambridge University Press.

Human activity, especially fossil fuel consumption since the Industrial
Revolution, is also responsible for substantial increases in atmospheric
concentrations of such gases as carbon dioxide and methane. These increases
(see Table 7.2) are mostly associated with the per capita consumption of fossil
fuels and growth of the human population; deforestation and the production of
cement, livestock, and rice for human consumption; the disposal of wastes from
human settlement in landfalls; and increased use of fertilizers and industrial and
agricultural chemicals. The likely consequences of these gas emissions include
a warming of the global climate and a reduction in stratospheric ozone.

Such human activities have accelerated rapidly in recent decades. Between
1950 and 2000 the world's population will have increased from 2.5 billion to
more than 6 billion people. Total energy consumption increased from 188,000
petajoules annually in 1970 to almost 300,000 petajoules in 1990, and per capita
energy consumption increased from about 50 to 57 gigajoules.1 Between 1970
and 1990, global forest area decreased by 6 percent, irrigated area increased by
almost 40 percent, number of cattle increased by 25 percent, and use of
chemical fertilizers doubled.2

TABLE 7.2 Greenhouse Gas Concentrations, Preindustrial Age to 1984

Greenhouse Gas Preindustrial Age 1994 1990s Rate of Change per
Year (%)

CO2 280 ppmv 358 ppm 0.4
CH4 700 ppbv 1,720 ppb 0.6
N20 275 ppbv 312 ppb 0.25
CFC11 0 ppt 268 ppt 0 (HCFC 5%)

NOTES: ppmv, parts per million (volume); ppbv, parts per billion (volume); pptv, parts per
trillion (volume).
SOURCE: Intergovernmental Panel on Climate Change (1996b). Courtesy of the IPCC.
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These changes, which have altered global environmental parameters, are
also associated with improved quality of life for many people: average life
expectancy has increased 40 percent since 1955—from 47.5 years then to 65
years in 1995—and infant mortality decreased 60 percent—from 155 deaths per
1,000 in 1955 to 60 in 1990.3 The rising global averages of per capita energy
use, life expectancy, and infant mortality subsume vast disparities. People do
not all contribute equally to global change nor benefit equally from progress.
The processes determining these changes, sometimes called driving forces, also
differ substantially across regions and populations, affecting future trends in
both environmental quality and human well-being.

Regional differences in rates of environmental transformation reflect
variations in the human driving forces of global change. In the case of
greenhouse gas emissions the increase in coal production in China from 7,400
to 21,700 petajoules from 1970 to 1990 represents a doubling of per capita
energy consumption due to economic development and national policies. In
Mexico oil production grew from 980 to 6,046 petajoules over the same period,
reflecting a doubling in per capita energy consumption, significant population
growth, and national development policy choices to increase the export of oil. A
loss of 40 million hectares of forest in Brazil since 1970 has significant
implications for tropical biodiversity, as do losses of almost 10 million hectares
each in Indonesia, Thailand, and Mexico. These trends in deforestation result
from different combinations of population growth, migration, and economic and
policy forces.4 A major focus of human dimensions research is explaining
patterns and changes in the rates of environmental transformation in terms of
driving forces that act globally, regionally, and at the level of responsible
decision makers.

The impacts of global change on societies and economies are expected to
increase greatly in the next century. For example, much of the global change
that will eventually result from past human activities has yet to occur, and
current trends in these activities portend potential large increases in global
change. As the major climatic changes lie in the future, so do their implications
for humanity. This may also be true for the human consequences of ecological
transformations now occurring through deforestation and other anthropogenic
land cover changes. Thus, another major focus of human dimensions research is
estimating the social and economic consequences of anticipated global
environmental changes. This research integrates information about anticipated
environmental changes with information on the social parameters that
determine the impact of those changes: demand for affected natural resources,
vulnerability of geographical regions and social groups to particular
environmental changes, and the potential for adaptive response. In addition,
human dimensions research addresses the workings of social systems that
manage environmental resources—markets, property rights regimes, treaties,
legal and informal norms, and so forth—and the potential to modify those
institutions through policy and thus to mitigate global change or increase
adaptive capability.
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In sum, human dimensions research aims at understanding how human
activity drives greenhouse gas emissions, regional air quality, land cover
change, and alterations in terrestrial and marine ecosystems; predicting the
course of the activities that drive those transformations; estimating how changes
in climate, land cover, ecosystems, and atmospheric chemistry affect food,
water, natural resources, human health, and the economy; analyzing the ways
that societies manage environmental resources; and analyzing the feasibility and
possible costs and implications of technical, economic, behavioral, and policy
responses to those environmental changes. This research builds basic
understanding of human-environment interactions and provides information and
responsive tools to decision makers.

Although research on the social and policy aspects of environmental
change has a long history, human dimensions research only became formally
linked to global change research in the late 1980s. The potential for making this
link was set forth in seminal writings addressed to national and international
research policy makers.5 Human dimensions research became part of the U.S.
Global Change Research Program (USGCRP) in 1989 with a small National
Science Foundation (NSF) program and has since become a significant
component of the USGCRP. This activity, together with more general support
from government, foundations, and universities for social science research on
global change, has resulted in some significant accomplishments and insights in
understanding the human dimensions of global climate change.

CASE STUDIES: CONTRIBUTIONS OF HUMAN
DIMENSIONS RESEARCH IN ADDRESSING GLOBAL

CHANGE

Human Dimensions Research and the IPCC

Contributions to the recent Intergovernmental Panel on Climate Change
(IPCC) reports are a good illustration of the significance and policy relevance of
human dimensions research. The year 1988 is often identified as a turning point
in public and political perceptions of climate change in the United States. While
the news media linked drought to global warming, scientists, environmental
groups, and decision makers gathered in Toronto to declare the need for a 20
percent cut in greenhouse gas emissions.6 Meanwhile, social and applied
scientists were working to develop methods for assessing the economic and
social consequences of climate change and examining the implications of the
policies that might be used to mitigate it. The results of this research were
reported to the IPCC and became an important part of international debate and
decision making in response to the threat of climate change.

For example, demographers, geographers, and others have estimated
populations at risk from sea level rise and demonstrated the tremendous
vulnerability of many large cities to climatic variations.7 The synthesized results
of many country case studies indicated many billions of U.S. dollars in potential
losses and protection costs associated with a 1-meter rise in sea level (see
Table 7.3).
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TABLE 7.3 Impacts of a 1-Meter Sea Level Rise in Selected Countries

Country People
Affected
(millions)

Economic
Loss (billions
of U.S. dollars)

Land Area
Lost (km2)

Protection
Cost (billions
of U.S. dollars)

Bangladesh 71 NA 25,000 1+
China 72 NA 35,000 NA
Egypt 4.7 59 5,800 13.1
Japan 15.4 849 2,300 156
Netherlands 10 186 2,165 12.3
United States NA NA 31,600 156

NOTE: NA, not available.
SOURCE: Bijlsma (1996). Courtesy of the Intergovernmental Panel on Climate Change (IPCC).

To estimate the potential effects of global warming on the world's food
system, agronomists and economists linked the output of climate models to crop
yield and economic models.8 Figure 7.1 shows several important results of these
studies, including the sensitivity of impact assessments to the results of different
climate models, the considerable potential for adaptation to alter the impact of
climate change, and the relative vulnerability of developing countries.

Also important to the IPCC and other assessments are efforts to calculate
the costs and benefits of various mitigation strategies, such as carbon taxes and
carbon sequestration through reforestation, including estimates of nonmarket
values. For example, the estimated costs of a carbon tax to achieve a 20 percent
reduction in CO2 emissions ranged from $50 to $330 per ton of carbon in the
IPCC study,9 depending on the economic assumptions and model used. Forest
plantations and forest management have the potential to sequester up to 75
billion tons of carbon a year.10 Studies of the economic feasibility of this
strategy have been used as a basis for discussions in the negotiations for the
Framework Convention on Climate Change and have informed debate on
strategies such as joint implementation of carbon reductions through aid for
forest and energy efficiency projects.

Also considered by the IPCC was the issue of deforestation in Amazonia,
where human dimensions research has informed policy decisions in Amazonian
nations, especially Brazil, and in international organizations such as the World
Bank. In the late 1980s international attention focused on Amazonia, where
rapid deforestation was linked to climate change, loss of biodiversity, and
threats to indigenous peoples.11 Human dimensions research revealed the causes
of forest destruction; for example, the building of highways opened the forest to
migrants, many of whom did not know how to farm cleared land or manage
forests sustainably.12 Biases in agricultural subsidies, tax incentives, and high
inflation promoted extensive land clearing for ranching.13 Detailed social and
spatial analyses of relationships among deforestation, secondary growth, and
demo
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Figure 7.1
Change in global, developed country, and developing country cereal
production, cereal prices, and people at risk of hunger in 2060 under different
climate change scenarios (% change from a base estimate for 2060). NOTES:
GISS, Goddard Institute of Space Science; GFDL, Geophysical Fluid
Dynamics Laboratory; UKMO, U.K. Meteorological Office; CC, climate
change scenario including direct CO2 effects; Adaptation 1 (AD1), adaptation
level involving minor changes to existing agricultural systems; Adaptation 2
(AD2), adaptation level involving major changes. Reference scenario assumes
no climate change.
SOURCE: Rosenzweig and Parry (1994). Courtesy of Macmillan Magazines
Ltd.
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graphic characteristics showed heterogeneous patterns that challenged
simple explanations of land use change and showed the need for local strategies
for ecosystem protection.14

Partly as a result of these research insights, countries such as Brazil have
altered taxation and subsidy structures that favored ranching and have adopted
policies for more sustainable development of forest lands. Multilateral
development agencies now undertake environmental assessments for
transportation and other development projects. Popular accounts are now more
sensitive to the varied causes and responses to Amazonian deforestation.

Consequences of Climate Change and Variability at the
Regional Level

Researchers have compiled data on overall losses from climatic disasters
and have shown that economic damages are increasing dramatically, especially
in the United States. For example, hurricane and flood losses have reached more
than $1 billion annually in recent years and have stressed both federal disaster
relief and private insurance systems.15 Although these increased disaster losses
may be due to climate change, much of the increase is a result of increasing
vulnerability resulting from more people living in hazard-prone locations,
increasing property prices, and inadequate land use and building regulations. In
the developing world, millions of people have been displaced by cyclones,
flooding, and droughts, as population growth, migration, and poverty expose
more people to climatic extremes.16 The human consequences of climate change
and variability depend critically on the vulnerability of human populations and
on their ability to adapt, as well as on climatic events.

Studies have also identified a serious threat of changes in the patterns of
diseases and pests associated with climate change and variability.17 The 1993
Midwest floods were associated with multiple epidemics in the United States.
Heavy rains in Milwaukee overwhelmed the sanitation system, creating a plume
of farm waste and contaminated runoff in Lake Michigan that later entered the
water supply, resulting in a large outbreak of Cryptosporidium (400,000 cases,
with more than 100 deaths). In Queens, New York, an exceptionally hot, humid
summer boosted local mosquito populations, leading to local transmission of
malaria. In the southwestern United States, intense rains provided a sudden
burst of food supplies for rodents, following a six-year drought that
significantly reduced rodent predators (owls, coyotes, and snakes). The 10-fold
rise in rodents led to transmission of a ''new'' disease—hantavirus pulmonary
syndrome—with a case fatality rate of 50 percent.

In Southern Africa, prolonged drought, punctuated by heavy rains in 1994,
precipitated an upsurge of rodents, crippling agricultural yields in Zimbabwe
and leading to plague in Mozambique and Malawi. In India in 1994 flooding
following a summer of 51°C temperatures across the plains led to an outbreak
of rodent-borne plague, as houses with stored grains heated up, generating
clouds of fleas. In addition to severe human losses in the affected regions,
measured economic
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losses included $2 billion to $5 billion by international airline and hotel chains
from lost tourism.

Extreme weather events compounding local vulnerabilities (multiple
stresses) can disrupt predator/prey relationships (functional biological diversity)
and can generate biological surprises, such as population explosions of pests
and pathogens that can affect human, plant, and animal health. The impacts of
extreme events and epidemics can ripple through economies, affecting
agriculture, productivity, trade, and tourism, in addition to their direct effects on
regional human health and well-being.

There is, of course, much uncertainty about the role of climatic change in
causing ecological changes that have costly effects on humans. A major recent
example that highlights the difficulty in assigning causation is the collapse of
the commercially important northern cod populations off the coast of eastern
Newfoundland and Labrador, Canada, in the late 1980s and early 1990s. This
collapse led to a costly program to compensate the over 30,000 people who
could no longer work as fishers or fish processors. Debates continue about the
roles of the North Atlantic Oscillation and other, more specific, climatic and
oceanographic changes relative to the role of overfishing.18 There is also
uncertainty about the links from ecological consequences to human
consequences because of gaps in knowledge about the ability of human
communities to respond effectively to anticipated ecological changes.

In those regions where climatic variability is associated with El Niño-
Southern Oscillation (ENSO) events, there is hope that improved understanding
of sea surface temperatures and associated changes in atmospheric circulation
will result in advance warnings of droughts, floods, and epidemics and reduced
losses.19 This type of human dimensions research highlights the importance of
improved understanding of climate change and variability, the need to consider
social vulnerability and adaptive capacity when forecasting the consequences of
global change, the potential benefits of predicting climatic extremes, and the
need to evaluate carefully options for reducing greenhouse gas emissions.

KEY SCIENTIFIC QUESTIONS

Key scientific questions for research on the human dimensions of global
change can be grouped into four broad interrelated interdisciplinary categories:

•   What are the major human causes of changes in the global environment
and how do they vary over time, across space, and between economic
sectors and social groups?

•   What are the human consequences of global environmental change for
key life support systems, such as water, health, and agriculture, and for
economies and political systems?

•   What are the potential human responses to global change? How effective
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are they and at what cost? How do we value and decide among the
range of options?

•   What are the underlying social processes or driving forces behind the
human relationship to the global environment, such as human attitudes
and behavior, population dynamics, and economic transformation?
How do they function to alter the global environment?

Research on the human dimensions of global change has value both as
basic science and for informing environmental decisions. It increases basic
understanding of how past human activities have created present environmental
conditions, how past environmental changes and variations have affected
human well-being, and how people have responded to these variations and
changes. By developing understanding of human-environment dynamics,
human dimensions research improves the knowledge base for anticipating
future environmental changes and for informing policies aimed at reshaping the
environmental future. Studies of the human consequences of and responses to
global change help inform judgments about what kinds of responses would be
most desirable (e.g., mitigation, adaptation options) and about how to organize
those responses to achieve the desired effects. Below we describe the major
science issues, review progress that has been made in understanding them, and
identify some lessons that have been learned from previous research.

What Are the Major Causes of Changes in the Global
Environment

What has been learned in recent years about human causes of global
environmental change? One major focus of research has been the explanation of
changes in the composition of the Earth's atmosphere. Looking at the
atmosphere through human history, one finds that the concentrations of several
gases (carbon dioxide, methane, nitrous oxide) changed only a little for more
than a thousand years and then started to increase rapidly around 1800. The
obvious hypothesis to explain these data is that prior to industrialization in the
nineteenth century the related basic cycles of the Earth's environment were in
approximate equilibrium and aggregate human activity was too small to be
detectable in globally averaged data; then, increasingly since the Industrial
Revolution, aggregate human activity has changed the composition of the
atmosphere, in particular adding measurably to the concentrations of certain
gases. Similarly, looking at the history of land use and land cover, one finds
significant changes occurring, although over longer time periods. The obvious
hypothesis to explain these observations again is that human beings altered the
land and used resources to meet the needs of a rapidly growing population and
an expanding industrial economy. Research into the direct human causes of
global change has thus focused on changes in land and
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energy use. But there is also a growing body of work on the fundamental social
processes that drive human use of the environment.

Human Activity and Land Use Change

Interest in the causes of local and regional land use changes is long
standing in the social sciences.20 Significant steps have been made in
documenting the long history of human transformation of land cover and in
explaining the major forces that drive land use. These studies are of interest to a
wide range of social and environmental scientists because land is a key factor in
social relationships and resource use. But these studies also provide specific
contributions to scientific understanding of biogeochemical cycles (especially
the carbon cycle), regional climate modification, and alterations in natural
ecosystems and are a critical basis for policies to mitigate and adapt to climate
change, conserve biodiversity, and reduce land degradation.21 Land use studies
provide a powerful rationale for maintaining land and marine remote sensing
satellite systems and suggest ways in which these technologies can be made
more germane to decision making.

The global change research community has made considerable progress in
recent years on several important questions, such as the social causes of
deforestation in regions like the Amazon River basin and Southeast Asia; the
role of social, political, and economic institutions in land use decisions; and the
relationships between population and land use (and land cover) change.22 There
have also been tremendous improvements in the ability to combine social,
physical, and remote sensing data within geographic information systems, often
with the explicit purpose of understanding how processes at local scales are
nested in regional, national, and global scales.23

Additionally, human dimensions research has highlighted the important
distinction between land use and land cover. Whereas land cover refers to the
land's physical attributes (e.g., forest, grassland), land use expresses the way
such attributes have been transformed by human action (e.g., ranching, crop
production, logging); that is, land use measures provide a socioeconomic
portrait of a landscape.24 Land cover is directly represented in global climate
models. Land use links land cover to the human activities that transform the land.

The emerging field of environmental history has provided important data
on the trajectories and causes of land use changes in the past. For example,
historical studies of the U.S. Great Plains have shown how changes in the use
and management of grazing and croplands relate to government policy and
economics and in turn influence the cycling of carbon and nutrients.25

Historians and geographers have also reconstructed the history of human use of
such regions as the Mediterranean, Caribbean, and Latin America.26

Historical studies of land use have altered scientific thinking on the past
and the present in a variety of ways. For instance, many observers have
presumed that much of the humid tropical forests is pristine or that human
impacts on the
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global environment mainly occurred in recent decades. However, research has
shown that many forests were cleared in the distant past or have been managed
for centuries and that their current rich biodiversity may be a product of past
human manipulation, resulting in higher frequencies of species with economic,
medicinal, and other human uses than might be expected to result from natural
processes of secondary succession.27

Although human population growth is commonly seen as the major cause
of land cover change and destruction of habitats for biota, particularly because
of land clearing to grow food, the role of population is in fact far more complex.
Numerous cases do suggest that population growth and/or migration are
correlated with increasing rates of tropical deforestation, but just as many
suggest that population growth need not lead to increasing deforestation—when
alternative employment, settlement concentration, and other processes are
available as alternatives to land clearing, to provide a population with an
acceptable standard of living.28 In fact, there is considerable evidence that only
at higher population densities does one find more intensive and efficient use of
land.29

Research on land management practices has demonstrated that
overexploitation of common-pool natural resources—the so-called tragedy of
the commons30—is not an inevitable consequence of human nature and the
spatial distribution of resources but is contingent on the structure of human
communities and the condition of social institutions that effectively govern
access to a resource, monitor its condition, and establish sanctions for
overexploitation.31 Both cultural traditions and contemporary legal rules, such
as land tenure rules, are critical in influencing how land can be used and by
whom.

The emergence of integrated and interdisciplinary approaches to
understanding land use and environmental issues has resulted in a series of
studies that show how political and economic structures constrain individual
choices about management of land and resources.32 For example, colonial
legacies of unequal land tenure and export-oriented production, combined with
current unfavorable terms of trade and debt, have driven many peasants to
overuse their land, adopt polluting technologies, or cut their forests.33

Social scientists have begun to make greater use of orbital Earth-observing
satellites in recent years. The interest in understanding the social dimensions of
land use change has challenged some of the inferences about land use drawn by
natural scientists by showing, for example, the importance of secondary growth
and the likely miscalculations of biomass and carbon pools resulting from
overly aggregated analyses that fail to quantify the differences between mature
and 10-year-old regrowth vegetation.34 Social scientists have explained the
processes underlying various patterns of forest change seen on satellite images
in terms of the development of transportation networks, land tenure, and export
agriculture. Social scientists have also made important contributions to
explaining satellite observations of vegetation dynamics in Africa and to
understanding land use change in areas undergoing urbanization.35
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Field studies of land use have provided information of great relevance to
global and regional atmosphere-biosphere modeling. For example, coarse-
resolution satellite data tend to represent the predominant soil type or vegetation
in each grid cell, even if a minor soil or vegetation type is of major economic or
ecological significance. Such a representation of the data can seriously
misrepresent land use and productivity potential as well as biogeochemical
cycles. Another important development is the focus on explaining trends and
patterns in land use intensification, in which crop yields are increased through
the use of agricultural chemicals and irrigation, resulting in alterations in
regional and global biogeochemical cycles and ecosystems.

Progress in the past decade is evident in the rise of an International Human
Dimensions Programme/International Geosphere-Biosphere Programme (IHDP/
IGBP) core project on land use/land cover change, with a coordinated,
comparative, multilevel strategy for understanding, monitoring, and modeling
land use.36 In developing frameworks, case studies, and models of how social
forces drive changes in land use and land cover, this type of comparative
research program has the potential to explain and predict land use change but
also to assist in identifying strategies for managing land use and protecting
ecosystems.

Recent important U.S. initiatives include the expansion of the population
program at the National Institute of Child Health and Human Development
(NICHD) into population and environmental research in 1995, the creation in
1996 of an NSF-funded research center that works on land use—the Center for
the Study of Institutions, Population and Environmental Change at Indiana
University—and the National Aeronautics and Space Administration's (NASA)
Land Use Cover Change request for proposals. In summary, there has been
considerable progress in understanding the human causes of land use change,
including the following insights:

•   Humans have been altering land cover and use for centuries.
•   Some regions that now appear pristine have been subject to human

management since prehistoric times.
•   There is no simple relationship between population and deforestation

or between common property rights and resource degradation.
•   The analysis of institutions—in their broadest sense, including

political, legal, economic, and traditional institutions—and their
interactions with individual decision making is critical in explaining
land use.

•   Satellite images can provide important insights for social science, and
social science can help guide satellite programs to useful applications.

•   The age and gender structure of landholding households affects how
much forest is cut for farming.

•   Tax incentives affect Amazonian deforestation.37

•   Secure land tenure is important to long-term resource conservation.38
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•   Road construction in forests leads to increased deforestation not only
by farmers claiming land but also by logging companies.

However, there is still inadequate knowledge on such key issues as these:

•   How to develop land management institutions that both respond to
local needs and mitigate global environmental change.

•   How to aggregate in-depth studies of land cover and land use to
provide global projections of use in large-scale modeling and
international management of global change.

•   The role of population mobility in land use change.
•   How to best use the expanding range of satellite data in land use/land

cover change research.

Human Impacts on Coastal and Marine Ecosystems

Global change research encompasses the study of changes in coastal and
marine ecosystems insofar as they are affected by physical and socioeconomic
processes that are global in scale and effect. Social and applied scientists have
investigated the importance of coastal and marine ecosystems for many
communities, regions, and nations. They have also addressed the ways in which
resource use and pollution have altered the condition and biodiversity of coastal
ecosystems in many regions of the world, including the destruction of protective
and productive mangrove ecosystems, the degradation of coastal lagoons and
estuaries and species that live or reproduce in them, and the minor
contamination of even the deep and remote oceans.

Steady increases in demand, technological capacity, and effort have led to
a long-term trend of increasing fish catches, which is believed to have leveled
off during the 1990s, indicating limits to sustainable harvests.39 Heavy fish
mortality means that environmental fluctuations as well as other human
impacts, such as pollution and degradation of habitat, make fisheries even more
vulnerable.40 Social scientists and others have documented the roles of
technological change, population growth, institutional structures, and social
attitudes in driving demand for fish and other marine resources, as well as in
shaping the nature and effectiveness of fisheries management, and they have
sought ways to use these resources more sustainably.41 They have also
contributed to understanding the ecological and social concerns associated with
mariculture, which is increasing throughout the world as a way to compensate
for declining natural resources.42 This research also contributes to several
related themes identified in this chapter, including the links between economic
globalization (e.g., of industrial shrimp farming), conflicts over common
property resources and loss of forest lands (mangroves); the emergence of new
social institutions (social movements in resistance to industrial aquaculture);
and the use of new information technologies (communications and
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spatial) in resource management.43 Research on common property management,
discussed in a later section of this chapter, has drawn many important examples
from marine ecosystem use.44

Some important insights of this research include the following:

•   People have responded to problems in coastal marine systems
primarily by intensifying, diversifying, and expanding the areal extent
of their uses of those systems, tending to extend such problems to the
global level.

•   Globalized systems of production and marketing, combined with
increases in population and consumer demand and patterns of
subsidization, increase competition between countries and
communities for scarce marine resources.

•   Rules of free and open access, combined with the weaknesses of
international management regimes, make it difficult to control
harvesting in deep ocean and other multinational fisheries.

•   Restricting access is a necessary but not sufficient approach to
reducing incentives to overharvest and pollute marine ecosystems.

•   The technical and institutional tools of marine resource management
have not adequately incorporated the effects of coastal development,
wetlands drainage, dams, and pollution of rivers and oceans in
diminishing breeding habitat and degrading marine resources.

•   The success of fisheries and coastal management depends on
functional interdependence between local institutions and regional,
national, and international institutions.

Current knowledge is not adequate to achieve several essential goals:

•   Provide complete geographic coverage of the status of human use of
marine and coastal resources.

•   Analyze and model changes in the abundance of fish and marine
mammal populations as a function of multiple social and
environmental stresses, including interannual, decadal, and longer-term
climatic change.

•   Evaluate the full range of institutions, including traditional systems, to
understand how they increase or reduce human impacts on coasts and
oceans.

Changes in Energy and Materials Use

Fossil fuel use is the most prominent human activity that alters the
composition of the global atmosphere. Since the 1970s, a burst of human
dimensions research seeking to understand the consumption of fossil fuels has
been proceeding simultaneously at several levels. The methods developed for
studying energy use have more recently been applied to human transformations
of the global
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nitrogen cycle and to human consumption of other environmentally significant
materials. The results are useful as inputs to climate models, for anticipating
future rates of environmental change, and for identifying effective ways to
mobilize social and economic forces to alter trajectories of environmental
change.

First, fossil fuel use has been disaggregated by fuel type, geographic
region, mediating technology, and social purpose (lighting, water heating,
transportation, steel making, etc.). It has been shown that patterns and
environmental impacts vary greatly by country and that national-level
consumption varies with technology, population, and other factors, such as
industrialization and degree of central planning of economies.45

Second, progress has been made in understanding patterns and changes in
energy and materials use across countries and over time.46 Energy use and its
environmental impacts, for example, generally increase as a function of
economic prosperity, but there are exceptions. Countries beyond a certain level
of affluence experience declines in per capita environmental impact, although
considerable dispute remains about where the turning point lies.47 Also, the
energy-affluence link breaks down in certain periods, including those
characterized by rapidly increasing relative energy prices and significant policy
interventions.48 Thus, changes in prices and policies allowed economic growth
to continue in the United States without increases in energy use or carbon
emissions between the mid-1970s and the mid-1980s, but energy use has been
increasing since then, driven by increasing travel demand, shifts in the vehicle
fleet, and other factors, and similar trends have been occurring in other
developed countries.49 Long-term trends show decreasing carbon emissions per
unit of energy use due to fuel switching and electrification, decreasing materials
use per unit of economic output, and replacement of dense materials such as
steel with lighter-weight materials such as plastics.50 These rates of change have
an autonomous dynamic and respond to the prices of inputs, but little is known
about how public policy might alter the trends to enhance environmental quality.

Third, patterns of energy and materials use have been studied in relation to
particular variables that may account for changes and variations in use, and
some of these variables can be affected by public policy. At the household
level, for example, energy use is affected by income and fuel prices, household
structure and social group membership, and by individual knowledge, beliefs,
and habits, as well as by the energy-using technologies that households
possess.51 Research on the determinants of consumer decisions to take
advantage of technical and economic possibilities to improve energy efficiency
indicates that more is required than favorable attitudes and accurate
information. There is significant potential to improve residential energy
efficiency with appropriately designed interventions. The research strongly
suggests that the most effective interventions are specific to consumers'
situations and that they use combinations of information, incentives, and social
influence. Participation of affected consumers in program design can greatly
increase effectiveness.52
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Research has focused on identifying how the energy consumption patterns
of firms and individuals change as a function of changes in information,
incentives, technology, and social organization, thus illuminating the potential
for reducing society's reliance on fossil fuels by promoting the adoption of new
technologies or changing behaviors and preferences. Specific areas of extensive
research include technology-focused research on energy consumption, energy
efficiency, renewable energy, and nuclear power; research on price elasticities
and response to incentives; and research on behavioral and informational factors
affecting change in consumer choice.53 Consumer energy choices are also
shaped by political and economic structures that influence regulations and
incentives for different types of energy, transportation, and housing policy, as
well as the reach of advertising to different regions and social groups.

Research on energy conservation has blended behavioral and technological
analyses to compare the technical potential for reducing the energy use required
to provide an energy service, such as indoor climate control, with actual
reductions in energy consumption. It has examined ways to achieve more of this
potential reduction by identifying and removing barriers to energy conservation,
such as subsidies and other market distortions, principal-agent problems,
incomplete consumer knowledge and misinformation, and problems related to
the early stages of the introduction of new technology. This research provides a
basis for selecting promising policy options to achieve national commitments to
stabilize greenhouse gas emissions.

Materials balance analysis provides the basis of an accounting system that
tracks the stocks and flows of certain materials, particularly the chemical
elements, through the human economy. Analysis of material flows in this
fashion has been called industrial metabolism and industrial ecology.54 As in
energy research, the analysis begins with descriptive work that clarifies the
principal human activities dominating each materials flow; proceeds to
explorations of behavioral, economic, technological, and policy-related
determinants of these activities; and expands to include prospects for changes in
consumption patterns over time, including changes related to economic
development.55 One element that has been productively studied is nitrogen,
which in the form of nitrous oxide acts as a greenhouse gas and affects the
chemistry of stratospheric ozone and in several chemical forms plays a role in
nitrogen fertilization of the biosphere. The predominant role of fertilizer
production in human-induced changes to the global nitrogen cycle was only
recently recognized.56

Our understanding of energy use is far more sophisticated than it was two
decades ago. It has led to the broader concept of environmentally significant
consumption and to the idea of applying analyses like those used for energy to
various nonelemental materials of environmental importance, such as wood,
steel, cement, glass, and plastics.57

An important part of research on energy use is scenario making, which
seeks to extrapolate current energy use patterns into the future.58 Time horizons
of
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prominent scenarios range from a decade to a century. Two important goals of
scenario making are transparency (explicit reviewable assumptions) and self-
consistency. For global change studies, most scenarios are built on the basis of
models of the evolution of national economies, often assuming a similar
evolution for large groups of countries at a similar stage of economic
development and structure. Typically, population growth is exogenous to the
models, and per capita energy consumption is the subject of investigation. The
most significant uncertainties relate to the determinants of the rate of
introduction of new technologies.59 Rarely addressed to date but presenting
major sources of uncertainty are changes in preferences over time, such as those
that might accompany new environmental information.60

Scenario making is a conservative activity in that it assumes only slow
changes from established trends; it is not well suited to exploring the
significance of surprises and catastrophes. Nonetheless, over the past two
decades, scenario making to elucidate energy consumption has become a highly
developed art, featuring dialogues among modelers to ensure quality control
and intercomparisons and to highlight debatable assumptions. Scenario building
has been an essential basis for IPCC assessment models of future climate and
analyses of mitigation options, the latter employing models used for scenario
building in policy analysis of greenhouse gas emission control strategies.61

Important insights of such activities include the following:

•   Estimates of future emissions of greenhouse gases are highly sensitive
to assumptions about future economic, technological, and social
changes, particularly about the autonomous rates of decarbonization
and improvement in the energy efficiency of technology, about the
likelihood of further large-scale economic transformations, and about
the stability of preferences.

•   Energy and materials uses are determined by multiple factors: they are
not simple functions of population or economic activity but depend on
complex interactions of these factors and others.

Future emissions of greenhouse gases will be driven by pressures from
increasing affluence and population, with countervailing trends that reduce the
amount of energy and materials used per unit of economic activity and the rate
of emissions per unit of energy and materials used.

Current knowledge is inadequate to accomplish some tasks critical to
understanding consumption trends, their potential environmental consequences,
and the possibilities for altering them. These tasks include:

•   Clarifying the determinants of ''autonomous'' change in energy and
materials efficiency and thus improving the accuracy of projections of
change in greenhouse gas emissions and in the pressure on depletable
resources.
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•   Specifying the ways in which population, technology, affluence,
preferences, policies, and other forces interact to change the rates of
environmentally significant consumption in high-consuming developed
economies and particularly in developing economies, where large
increases in consumption are anticipated.

•   Identifying and quantifying important sources of variation in the
adoption of environmentally beneficial technology among firms within
industries.

WHAT ARE THE HUMAN CONSEQUENCES OF GLOBAL
ENVIRONMENTAL CHANGE?

Human dimensions research has made important progress in understanding
the consequences of global change for people and ecosystems. Drawing on
earlier research in applied climatology and natural hazards, the past 10 years
have seen a major effort to understand the potential impacts of climate change
on human activity, as well as studies of the impacts of past and present climate
variability, the impacts of ozone depletion on human health, and the effects of
land degradation and biodiversity loss on society. Credible climate impact
assessments are a basis for developing policy responses to global climate
change and for successful application of information on current climate
variability to resource management.

Consequences of Future Climate Changes

The first studies of potential global warming impacts analyzed how crop
yields and water resources would change in developed countries in response to
climate scenarios of monthly changes in temperature and precipitation, based on
coarse and uncertain output from climate models simulating the equilibrium
response to a doubling of carbon dioxide levels in the atmosphere.62 Later crop
modeling efforts have incorporated the direct physiological effects of higher
carbon dioxide levels, employed transient climate scenarios and daily data,
covered developing countries, and replaced the concept of the unresponsive
farmer with that of people capable of flexible adaptation to climate change.63

It appears that many U.S. farmers will be able to adapt to the climate
changes expected from a doubling of atmospheric carbon dioxide levels by
shifts in technology and crop mix but that others, especially in developing
countries, will experience lower yields because they cannot afford technology
and may be farming more biophysically vulnerable land.64 Some studies of
economy-wide impacts arrive at similar conclusions;65 however, these
conclusions may be sensitive to some of the assumptions underlying the
analyses, as discussed in more detail in the section below on integrated
assessment.

A major conceptual advance occurred in moving from impact assessments
based on climate model scenarios to analyses based on an understanding of
vulnerability.66 The lack of consensus about how climate may change at the
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regional level, and the recognition that changes in social systems may be more
important than changes in natural systems in determining the impacts of
drought and other climatic shifts, reoriented the Working Group 2 of the second
IPCC assessment to pay more attention to vulnerability assessment. For
example, rapid increases in water demand have increased drought vulnerability,
and the spread of urban settlements into coastal and flood-prone regions has
increased vulnerability to sea level rise and severe storms.

Another innovation is the development of multisectoral regional
assessments of the consequences of climate change. The Missouri-Illinois-
Nebraska-Kansas (MINK) and Mackenzie River basin studies are good
examples of a regional and cross-sectoral approach to climate impact
assessment. The MINK study examined what would happen if the drought
conditions of the 1930s were imposed on the economy and resources of the
MINK region of the future. Taking into account adaptation, the study showed
that, on the whole, agriculture would be able to cope with climate change better
than forests or water resources and that impacts on the regional economy would
be minor.67 The Mackenzie River basin study examined the impacts of climate
change in the Canadian Arctic using several climate and socioeconomic
scenarios and including local stakeholders in defining policy questions and
potential responses. The study found significant effects on northern ecosystems
and hydrology.68

These new approaches to climate impact assessment have relevance far
beyond the study of global warming. Many of the methods can be used to
understand the impacts of seasonal to interannual climate variability, thus
increasing the usefulness of forecasts on that timescale based on improved
understanding and modeling of El Niño. The new approaches can also be used
in analyzing the impacts of decadal shifts in atmospheric circulation and climate
variability. For example, statistical crop models were used69 to correlate ENSO
with maize yields in Zimbabwe, and several early warning systems for famine
also drive crop models with climate information to manage food security.

One of the most significant emerging areas of research is the effects of
climate change and variability on human health. Several studies have shown
that climate change may result in changes in the incidence and prevalence of
such diseases as cholera and malaria, which debilitate human populations,70 as
well as changes in the geography of crop and livestock pests and diseases. For
example, as plants have migrated upslope in the highland tropics in response to
warmer climate, and tropical summit glaciers have generally retreated, and
freezing levels in the mountains have moved up 150 m since 1970, mosquito-
borne diseases have increasingly infested highlands and high-elevation cities
such as San José, Costa Rica, and Nairobi, Kenya. Extreme events such as high
temperatures have been linked to increased mortality, especially of older people
and the infirm, in major cities.71

Important developments and insights in this general area of research
include the following:
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•   The consequences of environmental change depend as much on the
social systems that produce vulnerability as on the biophysical systems
that cause environmental change.

•   The consequences of environmental change are strongly dependent on
the ability of people and social systems to adapt; consequently, access
to economic resources is a key mediator between environmental
changes and their impacts.

•   Climate models can be linked to crop models to provide early warnings
of famine.

•   Human health may be an important area affected by climate change.

Knowledge is not yet adequate to achieve several goals critical to
anticipating the likely consequences of future environmental changes, such as:

•   Developing indicators of vulnerability that are sensitive to regional and
social variations.

•   Projecting vulnerability estimates into the future.
•   Linking mesoscale outputs of climate models to regional impacts,

taking into account vulnerability and the ability of vulnerable
individuals and social systems to adapt.

Impacts of Past and Present Climate Variability

The most noticeable and perhaps most serious effects of long-term climate
change may not be slow changes in average temperature or precipitation but
rather such extreme events as storms, droughts, heat waves, floods, and
wildfires; in some climate change scenarios, epidemics may be the most serious
of all the dangers. Because of the importance of such episodes to society,
environmental scientists are increasingly attempting to predict changes in the
frequency of extreme weather events and to identify the boundary conditions
for the spread of disease. Social scientists have explored the impacts of climate
variability in historical and archeological studies and in research on the human
impacts of climatic natural disasters. These studies have highlighted the
importance of understanding vulnerability and adaptation.

Several recent studies suggest links between drought and the collapse of
civilizations in Asia and Latin America. For example, the abandonment of
settlements in the Andean altiplano and Amazon River basin has been shown to
correlate with paleoenvironmental evidence of severe El Niño events.72 A large
body of work examines the influence of climatic variations on European and
North Atlantic history,73 showing the effects of the Little Ice Age and cooler
periods associated with volcanic eruptions and the vulnerabilities of different
social systems to those changes. As scientists gain new insights into
paleoclimatic variability, rapid climate change, and shifts in decadal circulation
patterns, social
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scientists can apply archeological and historical techniques to examine the
human dimensions of these events.

Insights from natural hazards research also have great relevance to
understanding the consequences of climate variability.74 In the immediate
aftermath of floods, hurricanes, and fires, social cohesion increases, and
buildings and services tend to be restored with much greater speed than they
were originally developed. Anticipatory responses, however, are more uneven,
even under normal regimes of climate variability. For example, many
vulnerable households and businesses fail to insure adequately against floods,
even when warned of an increased near-term likelihood of flooding, and
vulnerable communities often resist planning and zoning changes that would
render them less vulnerable. If global climate change increases the frequency of
so-called 100-year floods and other natural disasters or brings about disasters
outside the range of previous experience, weaknesses in anticipatory responses
will become more costly.

Researchers have begun to think about hazard response in terms of
systems, recognizing that societies have always had systems for responding to
the range of climatic variations, including extreme weather events, that they
normally experience. For example, seasonal migration in drought-prone areas,
crop diversification, hazard insurance systems, social norms of helping, flood
control, fire management policies, zoning regulations, river monitoring, and
other social and technological systems can alter the frequency, severity, extent,
and distribution of economic losses associated with hazards. Such social
systems can make as much difference in human outcomes as the distribution of
weather events themselves, largely because of the effects of these systems on
vulnerability.75

Global environmental change challenges human hazard management
systems with potential major environmental surprises resulting from the
nonlinear behavior of global environmental systems. Societies may be faced
with rapid climate change events, ecological collapse, or epidemics that may be
different in kind, faster in rate of onset, or greater in severity than the changes
for which existing hazard management systems are prepared. We do not know
how societies may alter their hazard management systems to face the prospect
of such environmental surprises. However, studies of environmental risk
management and decision making show that changing practices in anticipation
of high-consequence/low-probability events poses a major challenge:
democratic societies typically have great difficulty reaching consensus on
policies to manage these sorts of environmental risks and even in arriving at
widely shared understanding of them.76

Hazards research has also shown the potential value of understanding the
consequences of El Niño and other potentially predictable aspects of seasonal to
interannual climate. Several studies have linked El Niño events to major
disaster losses in such regions as Northeast Brazil, Australia, and Southern
Africa, and insights from these studies can contribute to applications of
improved predictions of climatic conditions. For example, the correlations
between crop yields and
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droughts associated with El Niño indicate the potential value of forecasts to
food security.77

Important insights and findings from this area of research thus include the
following: the vulnerability of a society and of its hazard management systems
is often more important than the magnitude of a climatic event in determining
impacts on people, and past climatic variations may have been associated with
large-scale abandonment of human settlements and major migrations. More
information is needed about the following issues: the consequences of newly
identified rapid climate changes of the past and the ability of hazard and
resource management institutions to respond to surprising shifts in climate and
to seasonal forecasts.

Ozone Depletion

The main reason for widespread concern about low Antarctic ozone levels,
and an important stimulus for policies to eliminate ozone-depleting chemicals,
has been the concern that declines in stratospheric ozone could affect human
health by increasing skin cancer, causing eye problems, and stressing immune
systems. Considerable research has been directed to better understanding the
links between ozone depletion and human health, as well as possible impacts on
ecosystems. Most of the research to date consists of epidemiological and
medical studies on the effects of increased ultraviolet (UV) radiation.

Considerable progress has been made in understanding the links between
UV exposure and skin cancer, and investigating the still-controversial link of
UV exposure to cataracts.78 Additional research is needed to accomplish several
critical goals: to examine the effects of ozone depletion on animal populations
and ecosystems of economic or other societal value, to understand behavioral
and demographic aspects of UV exposure, and to link trends in industrial use of
ozone-depleting chemicals to risks for human health and ecosystems.

Environmental Change and Security

Another set of studies has examined the ways in which global change may
lead to conflict, mass migration, or threats to national security. This research
tends to build on studies of deforestation and climate impacts that suggest that
environmental change may cause competition over resources, refugee
migration, or political unrest. For example, it has been suggested that
environmental degradation in developing countries has resulted and may again
result in violent conflicts.79 It has also been discussed how climate change may
create conflict over international water resources and may destabilize food
security.80 A new IHDP project sets out to examine the relationship between
global change and security from global to local scales.

This research focus has achieved one important end: highlighting the
plausibility of several types of potential impacts of global environmental change
on
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conflict and security. More research is needed to accomplish a related goal:
providing careful empirical analysis of the relative roles of environmental
change and other factors affecting conflict and migration.

WHAT ARE THE POTENTIAL HUMAN RESPONSES TO
GLOBAL CHANGE?

It is difficult to separate conceptually the causes and impacts of global
change from responses to it because in many cases responses to environmental
change immediately modify the causes and the impacts. For example, the
adaptive responses of farmers to drought have shown how hazard warning
systems moderate disaster losses. Studies have examined human responses to
global change at the individual, community, national, and international levels.
This section reviews progress in several pertinent areas of research, including
international environmental policy, local and regional institutions, decision
making and risk analysis, and valuation. We also examine progress in
"integrated assessment" of global environmental changes.

International Environmental Policy

Much of the work on global-level international policy and institutions has
focused on the development and implementation of regulatory "regimes"
established through transnational, regional, and international agreements, such
as the Montreal Protocol, the Climate Change Treaty, and the Biodiversity
Treaty. These studies draw on work on the theory of international regimes,
bargaining, and the structural and institutional conditions supporting
international cooperation.81 They have built the beginnings of a useful body of
data and identified suggestive empirical regularities, although they have not yet
supported rigorous testing of hypotheses. More specifically, these studies have
focused on regime formation, the modes of influence of international
environmental institutions, the use of financial transfers for international
environmental protection, long-term comparative national and international
policy development, the implementation of international environmental
agreements, the analogy between international environmental protection and
local management of common-property resources, and the systems for
monitoring and enforcing compliance.82

A significant body of research on policy instruments at the national and
subnational levels is highly relevant to implementing international
environmental agreements. This research has led to improved understanding of
the strengths and limitations of strategies such as regulation, various classes of
financial incentives and penalties, liability law, provision of information,
inducements for technological development, disaster prevention and
preparedness, and alterations in the structure of markets for mitigating and
responding to global change.83

The following are some important findings and insights of this research
domain:
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•   Several systematic difficulties exist in changing the behavior of
specific targeted nation states, even when policies are backed up with
financial resources.84

•   Policy is often strongly path dependent in that early decisions may
constrain or determine later ones, thus making discussion of alternative
policies extremely difficult at later stages.85

•   Transnational networks of scientists can play a strong role in early
definition and framing of an issue, although they have only limited
ability to motivate international agreement or to influence the
interpretation of scientific knowledge by political decision makers.86

•   Assessment of risks and response options tends to follow, rather than
lead, political target setting, and the range of options tends to contract
over time.87

•   Coercive sanctions have limited effectiveness in enforcing compliance,
compared with carefully designed, linked systems involving rule
design, information provision, granting of capacity and legal authority
to selected actors, and transparent processes of implementation
distributed among multiple formal and informal institutions.88

Knowledge is not yet adequate to achieve the following:

•   Identify specific combinations of policy instruments and monitoring
strategies that will induce a broad range of actors to behave in ways
that lead to achieving internationally agreed-upon goals.

•   Identify specific international and national institutions that can
effectively link the international, national, and local levels and make it
possible to design effective and acceptable policies.

National and Local Institutions

Human responses to global environmental change are shaped by
institutions, defined broadly as the norms, regulations, interpretations or
understandings, and social organizations that bear on a particular activity. The
past decade has seen a renaissance of research on the structure and dynamics of
social institutions and a change in thinking about how these institutions shape
human activity.89 This work is being applied increasingly to problems of
institutional design for managing environmental change.90 It is developing a
knowledge base on how social institutions have succeeded and failed at long-
term management of environmental resources that will be useful for informing
future environmental policy choices.

The fundamental issue for environmental management is that of designing
incentive-compatible institutions.91 Such institutions are capable of
internalizing, within individual households, private firms, and public
organizations, the costs of the negative effects of human activities, effects such
as pollution, when they are
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not otherwise penalized by the market. These so-called externalities are a major
source of environmental stress. Even if accurate measurement is developed of
the costs of externalities, the question remains of how to design institutions to
avoid generating these negative effects. At present we are better at dealing with
emissions and other externalities after the fact than at preventive institutional
design.

An important focus of recent research on national and local institutions is
property rights institutions, as they bear on the management of environmental
resources.92 One advance has been to demonstrate the ambiguity of such terms
as "the commons" and "common property" and hence the need to specify
property rights arrangements in more detail.93 The term "common property" has
been used to signify, at one extreme, unregulated open-access situations, as in
many high-seas fisheries, frontier agricultural or mining development, and air
and water pollution. At the other extreme, it has referred to highly regulated and
tightly circumscribed systems governing the use of land or natural resources as
found in some communities, where ''commons" signifies a viable institution of
collective rights and responsibilities.94 Most ''common property" institutional
arrangements are somewhere in between.

Research has increasingly focused on alternatives to top-down government
control over commons situations, alternatives such as collective action on the
part of resource users, and market-based systems of allocation. Attention has
been redirected to questions about external and internal conditions under which
collective action can prevent or mitigate environmental problems. This line of
research has produced significant insights, showing, for example, that common-
pool resources are not inevitably destroyed by human overexploitation as
presumed in the model of the tragedy of the commons. Rather, the fate of these
resource pools depends on the formal and informal institutions that monitor
their condition and control their use.

Comparative case studies and game theory experiments show the
importance of time, scale, and socioeconomic structure to the success of
collective action, and they show the need for local institutions to establish good
systems of monitoring, communication, and normative control of behavior.95

They also show the importance of appropriately structured linkages between
local organizations, which tend to have more detailed knowledge about
resources, and higher-level organizations, which can enforce access rules and
address externalities beyond the locality.96 These findings bear on questions of
institutional reform and innovation, suggesting as they do some advantages of
more decentralized management regimes.

Important advances in the knowledge of institutions include the following:

•   The discovery that common-pool resources have sometimes been
managed sustainably by societies for periods of several centuries.

•   The development of a typology of institutions for managing common-
pool resources (particularly property rights institutions).
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•   The development of the beginnings of a body of knowledge about how
particular institutional types can effectively sustain resources.

•   Recognition of the importance of locally based and self-organized
institutions for monitoring and controlling resource use.

•   Recognition of the ways that higher-level institutions can constrain and
enable local ones.

Knowledge is not yet adequate to match particular institutional types
appropriately to resource types and social settings or to identify effective ways
of linking institutions across levels to maintain particular resource types.

Market Mechanisms

Property rights research also has led to research on market-based policies.
Recognizing that in many situations neither local-level management nor
command-and-control solutions may be effective or feasible, researchers have
focused on the use of exclusive tradeable property rights or privileges in
environmental management.97 In marine fisheries, long plagued with open-
access problems, individual transferable quotas have become increasingly
popular. Research shows some economic benefits but mixed results with regard
to creating incentives for conservation.98 Emissions trading has been shown to
reduce the costs of regulation.99 Experiments have been under way to apply this
idea internationally, for example, by using international carbon emissions
offsets to help developing countries finance environmental regulation.100

Distributional effects of trading are major issues for both fisheries and
emissions regulation.

Research on modifying the ways in which markets allocate environmental
resources has significant insights to offer in responding to global change. Some
of this work is based on estimating the full social value of an environmental
resource and instituting taxes or other financial incentives to bring the
resource's price into line with its social costs. Important advances in the area of
market mechanisms include indications that market-based policies (e.g.,
transferable quotas, emissions trading) have significant cost advantages in
theory and in some applications and recognition that the effects of these policies
are situation dependent. Knowledge is not yet adequate to meet several critical
needs for understanding how market mechanisms would work in practice, such
as estimating distributional effects of particular market-based policies and
matching market-based policies to resources and social and political conditions
for optimal effectiveness.

Valuation of Responses to Global Change

Responses to global change require that decision makers face important
questions of resource allocation: How can decisions appropriately take into
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account the value of resources that have no market price? How do and how
should societies allocate resources between present and future generations?
How do and how should societies decide equity issues within the present
generation?

Many studies use forms of cost-benefit analysis to compare the costs and
benefits of various responses to global change. In these studies the economic
costs of impacts as well as responses are usually included. The results of cost-
benefit analyses tend to be highly sensitive to assumptions about nonmarket
values, such as those of ecological services like water purification and crop
pollination, human health and life, and prevention of species extinctions.
Considerable effort has recently been devoted to approaches for evaluating
nonmarket values by various "indirect market" methods, such as measuring the
cost of activities engaged in to compensate for the effects of pollution and
"hedonic pricing" (e.g., estimating the amount of increased compensation
offered workers for more hazardous jobs). Each of these methods has been
applied to a restricted class of nonmarket values, and each has certain clear
limitations.101 Partly to overcome the limitations of indirect market approaches,
economists have increasingly turned to contingent valuation methods, in which
individuals are asked directly to express their willingness to pay for particular
environmental improvements. This technique has found some acceptance in
policy circles, but methodological and conceptual questions about the approach
are still being hotly debated.102 Some progress has also been made in estimating
the nonmarket value of environmental resources for inclusion in national
income accounts.103

Researchers have also examined the use of novel methods for integrating
disparate kinds of values without converting them to monetary units.
Techniques of multiattribute utility analysis allow values to be integrated in
various ways to reflect users' value priorities.104 Simulations and policy-
exercise studies clarify key uncertainties, values, and interactions, and
deliberative methods involve both experts and nonexperts in interpreting
analyses.105 Such experiments promise to yield methods that complement
economic techniques of valuation, where the latter give incomplete or
inconclusive results.

There also have been efforts to deal analytically with the obligation of the
present generation to future generations. For example, a choice not to mitigate
climate change benefits the current generation but imposes unknown adaptation
costs on future generations. These analyses are highly sensitive to the discount
rate used to represent tradeoffs between present and future resources. Critics of
conventional cost-benefit analysis often insist that the discount rate approach
results in a dictatorship of the present over the future. The issue of how to take
into account obligations of the present toward the future and the problem of
intergenerational income distribution both remain unresolved. Ethical analyses
and discussions of these issues remain more unsatisfactory than economic
analyses; however, scientific debate remains contentious.106 Analytical
techniques are also being developed to address equity issues in the present
generation.107

This field of investigation is in a highly vigorous state. For its results to have
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satisfactory practical value, analysis must develop to the point at which it can
give confidence in the validity of particular analytical techniques for estimating
nonmarket values and provide a satisfactory way of analyzing equity issues,
particularly those relating to intergenerational equity.

Understanding Risk, Uncertainty, and Complex Choices

Responding to the prospect of global change requires interventions in
complex systems that are not fully understood. Decision makers can benefit
from recent advances in understanding human judgment and decision processes
regarding complex environmental choices. Over the past decade this research
has increasingly clarified why scientific efforts to analyze and assess global
environmental threats do not easily lead to social consensus on policy responses
to those threats. This research shows that, while analyses normally focus on a
few critical outcomes, such as sea level rise or species extinction, nonexperts
commonly consider multiple dimensions of environmental conditions and
decisions, such as risks to human health, economic costs and benefits, the extent
of scientific uncertainty and ignorance, catastrophic potential, and threats to
aspects of the environment with intrinsic value. Moreover, even single
dimensions such as human health are multifaceted; people assess risks partly
depending on whether they believe they can control personal exposure and their
own emotional responses to the specific hazard.108 The factors that matter most
to people can vary with the situation and with their social position, and these
differences then influence their policy preferences.109

These findings have implications for scientific choices and the policy
process. Chief among them is the idea that the information that results from
science-driven research agendas is not necessarily considered useful or relevant
by those whose decisions the scientific analysis is intended to inform. For
scientists to know what information will be considered useful and relevant, they
must have input from those who participate in environmental decisions. Each
technique used to assess environmental risks inevitably makes judgments about
what the problem is that needs scientific input, which dimensions of the
problem should be investigated, and their relative importance.110 Consequently,
decisions that rely on any particular analytical technique are often rejected by
people who do not accept its underlying judgments. Moreover, decisions made
without the participation of some of the interested and affected parties tend to
be rejected by those parties. Consequently, decision processes that are too
narrowly based, either in terms of analysis or participation, often fail to meet
decision makers' needs for information and involvement.111

The ability to reach an implementable decision depends on the process that
combines analysis and deliberation to frame scientific questions, gather and
interpret information, and present it to participants in the decision in ways that
address their needs for information and understanding. The critical elements of
this
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decision process and some important related research questions have been
identified.112 The decision process is also a major concern of the new National
Center for Environmental Decision Making Research, established by NSF.
Additionally, research has begun to illuminate how scientific and technical
information is incorporated into environmental decision making at local,
national, and international levels.113

A number of important findings have been made in this research area:

•   Whereas many risk assessments consider only a few dimensions of risk
(e.g., mortality risk, economic loss), nonspecialists' judgments about
risk typically consider multiple dimensions.

•   Objections to the results of risk assessments often arise from
disagreement about judgments underlying the assessments or from
restricted participation in making those judgments.

•   The adequacy and acceptability of a judgment about risk depend on
both the underlying analysis and the deliberative process that judged
which analysis to do, how to collect information, and how to interpret it.

Knowledge is not yet adequate in this field to accomplish several essential
tasks, such as:

•   Adequately characterizing uncertainties and scientific disagreements
about the nature and extent of risks.

•   Designing processes that combine analysis and deliberation to ensure
that information is developed and organized to meet the needs of the
range of decision participants.

•   Structuring procedures that inform scientists' work and decision
makers' understanding with a combination of formal analysis and the
information, perspectives, and judgments of others involved in risk
decision making.

Integrated Assessment

One approach used to understand the implications of policy responses to
global change is known as "integrated assessment." In integrated assessment,
methods or processes are applied to combine knowledge from multiple
domains, such as socioeconomic and biophysical fields, within a consistent
framework to inform policy and decision making. Integrated assessments of
environmental issues have been conducted since the 1970s,114 but the past 10
years have seen a flood of interest and activity, particularly to address global
climate change. Since 1990 the number of integrated assessment projects
relating to climate change has grown from only a few to more than 40.115

Although the concept of integration has been very broadly applied with
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regard to what is integrated and how, recent practice in the area of climate
change has been rather narrow. Integration can mean "end-to-end" connection
of a causal chain from fossil fuel emissions and land use to their impacts, with
weighing of climate change impacts against measures to reduce them or to
adapt. (Some amount of such "vertical" integration is often taken as a
requirement for integrated assessment.) Integration can also denote expanding
each link of this chain to consider more diverse source activities and emissions,
more atmospheric and biotic processes, more forms and sectors of impacts, or
more spatial detail or heterogeneity of agents. Integrated assessments may also
examine social and biophysical linkages between climate change and other
issues (e.g., ozone depletion, tropospheric air pollution) or include linkages to
other social or policy issues such as public health or economic development. In
addition to formal modeling, methods for integration can also include structured
cross-disciplinary discourse; judgmental integration of data, theory, and formal
models from separate domains; and structured heuristic processes such as
simulations, scenario exercises, and policy exercises.

A major purpose of integrated assessment is to provide a consistent
framework for the representation, propagation, analysis, and communication of
uncertainties. A striking result of the few attempts to integrate uncertainty
quantitatively across biophysical and socioeconomic domains has been that,
among the various kinds of uncertainties, socioeconomic uncertainties appear to
predominate in assessing aggregate impacts and net benefits of policies and
decisions. Key socioeconomic uncertainties include future population growth
and migration, social and political determinants of environmentally relevant
consumption, rate and character of technological change, adaptation-mediated
regional impacts of climate and environmental change, effects of policies, and
variation in preferences.

For example, in an early assessment that integrated energy-economic and
carbon cycle models, it was found that the largest contribution to uncertainty in
atmospheric CO2 concentrations at the end of the next century came from
estimates of the ease of substitution of fossil and nonfossil energy inputs in the
economy and general productivity growth;116 uncertainty in the airborne CO2

fraction and in total fossil fuel resources ranked near the bottom of all
contributions to uncertainty. In 1993 and 1996, studies using a stochastic
integrated-assessment model found that differences in preferences dominated
climate uncertainty in determining preferred policy choice.117

Recent integrated climate assessment, however, has stressed vertical, or
end-to-end, integration, primarily by building single integrating computer
models. These models typically combine and modify preexisting models of
energy and the economy, atmospheric chemistry and dynamics, oceans, the
terrestrial biosphere, and/or agriculture and other forms of land use. In each
project some domains are represented richly, others very schematically. Most
integrated as
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sessment projects have a national to global scale, rather coarse spatial and
sectoral resolution, and weak representation of policies and political processes.

Early work on integrated assessment of climate change combined energy-
economic models with either accounting or input-output systems to develop
comprehensive emissions scenarios or with simple highly parameterized
atmospheric models to project the effect of specific economic and control
scenarios on atmospheric trace gas concentrations.118 More recent projects have
added climate and impacts modules.

Projects differ in their conceptual emphasis and the potential insights they
can offer. Some concentrate on the dynamics of emissions, atmospheric
accumulation, impacts, and responses. These projects postulate a single global
optimizing producer-consumer and require a common metric for abatement
costs and climate damages, so they normally represent regional or global
climate damages by simple aggregate functions of temperature change. These
models allow the investigation of dynamically optimal abatement strategies that
balance, over time, the costs of emissions abatement and damages from climate
change or that meet a specified environmental target at minimum cost. They
also permit study of how preferred policies depend on alternative specifications
of damage functions, discount rates, the dynamics of impacts and technological
change, or the structure of world regions and of bargaining.119

Other integrated assessment projects concentrate on the specification and
propagation of uncertainty, allowing identification and ranking of key policy-
relevant uncertainties or the elaboration of adaptive and learning strategies for
responding to progressively resolved uncertainty over time.120 Still other
projects concentrate on the elaboration of spatial and sectoral detail for climate
impacts, human adaptation and responses, and human-mediated feedbacks
through land use change to the climate system.121

Integrated assessment practitioners have claimed insights such as the
following: that a large near-term abatement effort for climate change is not
justified; that the market impacts of climate change in high-income countries
(but not low-income ones) will be small; that optimal abatement paths would
reduce gross domestic product by only a few percent, compared with
unconstrained paths, and can be accomplished with carbon taxes of a few
dollars per ton; and that delays of a few decades in controlling emissions are
preferable to immediate action, even if stringent reductions are subsequently
determined to be needed.122 These conclusions, however, depend on several
particular characteristics of most assessment models: they offer very limited
representation of the possibility of extreme events; they only reference doubled
CO2 scenarios and so fail to include the concentrations likely by the end of the
next century under aggressive fossil fuel growth, which drives atmospheric,
ecosystem, and impacts models all far out of their validated ranges; they include
weak or no representation of multiple interacting environmental stresses; and
they assume limited learning in technological change or policy.
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Important advances in knowledge from integrated assessment modeling
include the following:

•   The finding that socioeconomic uncertainties dominate biophysical
uncertainties in contributing to aggregate uncertainty about future
climate impacts and preferable response strategies.123

•   Initial quantitative estimates of the benefits available from various
levels of international cooperation to manage climate change.

•   An evaluation of the implications of sulfate aerosols in climate change
for alternative abatement strategies.

•   A preliminary characterization of the effects of linked demographic,
economic, and climatic pressures on land cover and atmosphere.124

Knowledge is not yet adequate in this field to achieve the following:

•   Reduce major socioeconomic uncertainties in integrated assessment
models.

•   Estimate impacts and preferable policies from models that relax some
of the most important restrictive assumptions of existing models (e.g.,
doubling of CO2 concentrations).

•   Provide acceptable techniques for choosing among model
simplifications, so that outputs best meet users' needs.

What Are the Underlying Social Processes, or Driving
Forces, Behind the Human Relationship to the Global

Environment?

Human dimensions research has also examined fundamental questions
about the broader political, social, technological, and economic forces that
shape the human activities that cause environmental change and influence its
consequences. The number of such forces that may directly or indirectly alter
the global environment has no limit. This section focuses on several driving
forces about which important scientific progress has been made and which are
often mentioned as arenas for policies to mitigate environmental change. There
are many other important social forces and phenomena whose direct or indirect
environmental effects may also be large and that may also have policy
significance. These include national taxation policies, economic inequality
within and between countries, war and the international arms trade, and
societies' treatment of women. Important scientific progress has been made in
understanding how humans perceive global change; the ways that individuals
and institutions cope with environmental changes; and the dynamics of human
populations, technological change, and economic transformations.
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Public Attitudes and Values

Public support is necessary for any collective response to global
environmental threats, whether through policy decisions or the aggregated
actions of large numbers of individuals and organizations. A series of studies
shows strong and persistent concern and support for environmental quality and
protection in a variety of countries, rich.and poor;125 in the United States and
other countries where relevant data are available, this support cuts across
socioeconomic lines. In some developed countries, concern is strongly
correlated with education; in some it is strongest in younger age cohorts.
Concern about global environmental problems relative to local and national
ones is strongest in developed countries, whereas in countries with highly
visible pollution problems, environmental issues closer to home are seen as
relatively more serious.126 Environmental concern is strongest in countries with
serious objective pollution problems and in countries with strong
environmentalist values.127

Research on the factors underlying environmental concern finds that it is
partly rooted in basic psychological values, particularly concerns with the
welfare of others and of future generations and a widespread belief in the
sacredness of nature.128 This work draws on extensive basic research that has
developed a comprehensive typology of human values.129 Additionally,
environmental concern reflects beliefs about how environmental conditions may
affect those things that an individual values, suggesting that public response to
newly identified environmental conditions may depend on the kinds of
consequences projected for those conditions.130 Despite some widely held
misconceptions about the causes of climate change,131 such variation from
accepted scientific accounts does not seem to diminish levels of public concern
with the environmental problems that also concern scientists.

The other side of the coin of environmental concern is an apparent
unconcern by individuals about the environment, as reflected in increasing
levels of materials and energy consumption associated with increased income.
Critics of "consumer society" point to advertising and the mass media as drivers
of materialist attitudes and desires and argue that these forces and others are
driving the emerging middle classes in many developing countries to emulate
North American styles of consumption. These plausible arguments have not yet
been supported by careful quantitative studies of the relevant social forces,
attitudes, and behaviors.132

Important advances in knowledge in this area are documentation of
widespread support for environmental protection across countries and
socioeconomic groups and initial identification of the ways that values, beliefs,
and attitudes affect political support for environmental policy. Knowledge is not
yet adequate to relate the development of public attitudes to mass media
coverage of environmental issues and the roles of elites, interest groups,
advertising, and social movement organizations and to model the development
of public support for
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action on emerging global environmental issues as a function of new scientific
knowledge.

Individual and Household Behavior

Household consumption of energy and certain materials is important both
in causing and in responding to global change. Consumer behavior is
determined partly by values, attitudes, and beliefs but is strongly mediated by
nonattitudinal factors, including the cost and inconvenience of making
environmentally significant behavioral changes, the availability of relevant
technologies, institutional barriers, knowledge about which behaviors are
effective, and the presence or absence of supporting public policies and social
pressures. Consequently, the determinants of consumption are highly situation
specific, and efforts to change the environmentally relevant consumption of
households require multifaceted approaches that identify and address the
barriers to change that are most important for the specific behavioral change
and target actor.133 Considerable progress has been made in understanding
certain key classes of consumption, such as residential energy use in some high-
income countries. A major research challenge, only now beginning to be
addressed, is to understand how the factors that drive such consumption vary
with national and cultural context.

Political behavior is also important to responses to global change. As in the
case of consumption, the connections between individual concerns and political
influence are complex and imperfect. Political action reflects opportunities for
effective political participation individually and through environmental
organizations, changing value priorities, the framing of issues in the mass media
and by interested parties, and the actions of scientific experts individually and
through epistemic communities.134 Research linking environmental attitudes to
political participation and influence is helping build understanding of the
political feasibility of policies to meet international commitments.

Important advances in knowledge of individual and household behavior
include the following:

•   Improved understanding of the many factors affecting specific types of
environmentally significant consumption at the household level
(especially energy use) in high-income countries and recognition of the
situation specificity of these effects.

•   Recognition of the various factors affecting individuals' political
behavior on environmental issues.

•   Appreciation of the need for multifaceted approaches in policies aimed
at altering consumption patterns.

Knowledge is not yet adequate to achieve several ends:
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•   Project environmentally significant consumption in developing
countries as a function of economic, demographic, and other changes.

•   Model the causes and trajectories of environmentally significant
household consumption other than energy.

•   Develop more realistic assessments of likely environmental policy
outcomes that take behavioral responses into account.

Economic Transformations

Various large-scale economic transformations around the world may have
major implications for the generation of environmental change and for human
vulnerability to it. These transformations include the dependence of an
increasing proportion of the world's population on global markets for necessities
such as food and fuel that were previously produced locally, much of them
outside the money economy; increasing liberalization of international trade;135

the emergence of service economies in place of manufacturing-based ones in
most high-income countries; and the transformation of formerly socialist
economies from a central command model to a more decentralized market-
based one.

One of the most important themes in the past 10 years of social science
research has been the ''globalization'' of economies and cultures.136 The
increasing mobility of capital and labor has facilitated the expansion of
transnational corporations and massively restructured the geography of
industry, agriculture, human settlements, and all of their associated
environmental impacts.137

The environmental effects of trade liberalization are more complex than
sometimes realized. Despite claims that trade liberalization has predictably
negative environmental impacts, the limited existing evidence suggests that
environmental impacts are sometimes positive (e.g., better allocation of soil and
water resources in agriculture) and sometimes negative (e.g., foreign investment
in countries with lax environmental regulations). Analyses of overall impacts
must consider the effects on resource allocation, the scale of overall economic
activity, the composition of output (e.g., manufacturing vs. services), effects on
developing "green" technologies, and the interactions of trade with policy.138

The North American Free Trade Agreement (NAFTA) stimulated some
important work on the environmental implications of changing trading regimes.
Although some scholars claimed that NAFTA would result in improved
environmental conditions, especially in Mexico, others suggested that free trade
would result in environmental degradation as communities relaxed regulations
to attract industry or as polluting industries moved to Mexico to take advantage
of lower wage rates.139 NAFTA was also predicted to alter agricultural
production patterns in ways that would increase Mexico's vulnerability to U.S.
droughts.140

Perhaps the most important and dramatic change in the global political
economy in the past 10 years is the collapse of the Soviet bloc and the transfor
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mation of Eastern European economies. These economies had previously been
among the most energy and pollution intensive in the world. Studies showed
that in the immediate aftermath of political changes in such countries as Russia
and Poland, greenhouse gas emissions decreased as industrial production and
consumption fell in the ensuing economic crisis.141 Now, as foreign investment
and privatization transform these economies, the implications for the global
environment in terms of emissions, land use, and resource management are
unclear.

Important advances have been made in understanding the effects of
economic transformations:

•   Most of the world's food is now produced within a global system, in
which most of the basic grain on the world market is produced in very
few countries. The fact that many countries depend on food imports
greatly enhances the regional and global impacts of climatic change
and variation in those grain-producing regions on which much of the
world depends.

•   Industrial production is shifting from core industrial countries to the
developing world.

•   The service sector has grown dramatically, especially in urban areas,
contributing to increased vulnerability of human settlements, as poor
people move into cities for work and must often live in hazard-prone
environments.

Knowledge is still inadequate for several needs:

•   Establishing the theoretical and empirical links among economic
globalization, global environmental change, and the consequences of
global change.

•   Estimating the net overall and regional environmental effects of trade
liberalization.

•   Estimating the likely long-term environmental effects of ongoing
economic transformation in the former socialist bloc.

Human Population Dynamics

The past decade has seen substantial progress in understanding
fundamental population processes: fertility, mortality, and migration as well as
the relationships among them that determine population growth, age structure,
and geographic distribution. This research is important to global change
because population dynamics are some of the most important driving forces
behind land use change and energy use and a factor in increasing demands for
food, water, and living space that increase vulnerability. Efforts to reduce
fertility (i.e., the num
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ber of births per woman) have received the most research and policy attention,
with Asia, the Middle East, Africa, and Latin America being the areas of interest.

Based on evidence from censuses, the World Fertility Survey, the
Demographic and Health Surveys, and other surveys, it is now conclusive that
fertility rates have dropped in a sufficient number of formerly high-fertility
countries to produce substantial reductions in the world's fertility. The world's
total fertility rate has dropped to approximately 3.0 today—thus having
achieved most of the reductions needed to reach replacement-level fertility. The
Middle East and sub-Saharan Africa are still the regions with the highest levels
of fertility, but even there evidence is emerging that fertility reductions have
begun.

Considerable research has examined the causes of this fertility decline.
Almost all countries that have achieved substantial fertility declines in the past
25 years have had concerted family planning programs. The effectiveness of
these programs in reducing fertility levels, as opposed to other factors, such as
rising education levels, has been rigorously debated.142 Most agree that family
planning programs have been one of many factors leading to fertility decline;
the disagreement revolves around the size of the family planning program's
effect.

With respect to mortality, most reductions in the past were attributable to
declines in infant and child mortality. That trend is now shifting, and attention
has been turning to questions of how long people might live. The debate on the
limits has not been resolved,143 but the research fueling the debate has helped to
increase our focus on morbidity associated with increasing longevity and the
need to have global change research include the effects of increased longevity.

Human migration is an issue of emerging importance for global change
because of the possible environmental impacts of concentrated populations and
the vulnerability of these populations to extreme events, especially when people
are concentrated in coastal zones or floodplains.144 Research progress in
understanding migration has been hampered because accurate data are hard to
acquire, and when they can be collected, they tend to be aggregated.

Finally, household size has been declining in a number of countries as
affluence increases. For example, in the United States the proportion of all
households with just one or two members increased from 46 percent in 1970 to
57 percent in 1995. Since households have effects on the environment from
production and consumption that are somewhat independent of the number of
household members, models should consider both population growth and
growth in the number of households. Important findings in human population
dynamics include the following two fundamental ones:

•   Total fertility rates are declining worldwide, particularly in countries
that have had concerted family planning programs.

•   Human migration, particularly urbanization and movement to
vulnerable environments, has been identified as a major potential
influence on future environmental change.
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Knowledge is not yet adequate to estimate the environmental effects of
particular types of migration or to model environmental impacts as a function of
household size and composition as distinct from population effects.

Technological Change

A major source of uncertainty in projecting future human contributions to
global change and analyzing response costs is the rate at which improved
technology will lead to the substitution of abundant natural resources for scarce
ones and of reproducible capital for depletable resources. Economists and
technologists have typically viewed technical change as widening the
possibility of substitution among resources. This has frequently led to a bias in
favor of assuming adaptation strategies for response rather than mitigation
strategies. Ecologists and other biologists have typically regarded
substitutability as being narrowly restricted. The argument about biodiversity is,
in part, a reflection of these alternative views. The problem has not yet been
modeled satisfactorily, nor has sufficient empirical research been conducted to
test the alternative perspectives. However, dialogue between the two theoretical
camps is increasing and signs of a conceptual synthesis are beginning to appear,
in which the questions are formulated in terms of the relationship between rates
of substitution and rates of resource consumption.145

Past research has documented some regularities in the time path of change
in environmentally significant technologies, including rates of technology
diffusion and secular trends toward so-called dematerialization and
decarbonization; it has also documented variations around general time
trends.146 There has been a lively empirically based debate about the extent to
which scarcity may induce innovations that reduce costs and find substitutes, a
debate that may be heading toward synthesis.147 Extensive studies have also
been conducted of the conditions favoring adoption of technological
innovations. This research is starting to make it possible for modelers of global
change effects and builders of integrated assessment models to replace ad hoc
coefficients of technological change with numbers based on empirical analysis
and sound theory.

Important advances in this field include the following: identification of
secular trends toward dematerialization and decarbonization of economies,
along with variations around these trends; identification of factors influencing
the rates of adoption of technological innovations; and identification of the
substitution rate of inexhaustible resources for depletable ones as a key
parameter for studies of sustainability.

Knowledge is not yet adequate to model the factors influencing variations
in average rates of decline in national energy intensity and related indicators
and variations around the average among industries and firms or to model the
effects of environmental policies on rates of innovation in environmentally
benign technologies.
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LESSONS LEARNED

Human dimensions research has produced a large number of advances in
knowledge about global change, as the previous section indicated in some
detail. In general, recent research has refined earlier understanding of human-
environment interactions in ways that will enable more accurate modeling and
anticipation of global change and its impacts and better-informed policy
responses. Many of the major advances in knowledge can be summarized in a
few major categories.

Relative Importance of Socioeconomic Uncertainty

Several analyses clearly indicate that socioeconomic uncertainties
dominate biophysical uncertainties in assessing future climate impacts. Because
of the great significance to the future of environmental change of such
phenomena as rates of economic growth and adoption of environmental
technology, which can only be forecast with great uncertainty, relatively small
improvements in our understanding of these phenomena can significantly
improve the ability to anticipate and respond to the effects of climate change.
The same reasoning may apply to ecological changes, the rates of which are
also sensitive to socioeconomic factors, such as human demands for land and
water, the long-term forecasts of which are highly uncertain.

Complex Determination of Environmentally Significant
Consumption

The term "consumption" has different meanings in different scientific
disciplines; research on environmentally significant consumption focuses on
human activities, such as clearing forests and using fossil energy, that transform
or degrade biophysical resources and thus affect things that people value.
Accumulating evidence indicates that all of the environmentally significant
kinds of consumption are determined by multiple factors, including such
driving forces as population growth, economic and technological development,
cultural forces, values and beliefs, political activity, institutions, and policies
and by the interactions of these forces. Research shows that the interactions are
typically specific to the type of consumption, the responsible decision maker,
and the geographic and sociopolitical context. Studies are illuminating the
operations of the driving forces as they affect particular types of consumption
(energy, forest clearing) in particular contexts.

Human dimensions research is also advancing our understanding of some
of the driving forces. It has documented the widespread global support for
environmental protection and some of the reasons for that support, the many
factors influencing environmentally significant consumption by individuals and
households, the trend toward globalization of trade in environmentally
significant goods
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and services, the increasing importance of human population migrations as an
environmental threat, and the environmental significance of major technological
trends affecting the rates of substitution of inexhaustible resources for
depletable ones.

Importance of Vulnerability Analysis in Impact Assessment

Research on the impacts of past climatic variability on societies and
economies shows that these impacts depend as much on the social systems that
produce vulnerability as on the biophysical systems that cause environmental
change. Vulnerability depends on a number of factors, including intensity of
land and water use and population immigration in marginal areas, access to
economic resources, infrastructure for hazard response, the health status of
potentially affected populations, and the structure of the hazard management
systems a society has in place to prepare for and manage environmental events.
Vulnerability analyses are essential for estimating the human impacts of
environmental change and variation. For instance, climate models can be linked
to crop models and estimates of vulnerability to provide early warnings of
famine, and ecological models can be linked to vulnerability analyses to
estimate the effects of global change and climate variability on human health.

Importance of Institutional Design to Environmental
Resource Management

Research on human use of common-pool resources has shown that the
"tragedy of the commons" scenario is not inevitable. Tragedy has often been
prevented and resources sustained over periods of generations to centuries by
the design of institutions that monitor the conditions of resources locally,
effectively govern access to them, establish norms of resource use and sanctions
for overexploitation, and appropriately link local institutions with those at
higher levels. A key to implementing effective responses to global change is to
design incentive-compatible institutions, that is, institutions capable of
internalizing the overall costs of environmental degradation for the individuals,
private firms, and public organizations whose actions create environmental
stress. Ongoing research on existing institutions and on the theory of
institutional design is clarifying the conditions for successful long-term
environmental resource management and the institutional structures that have
been successful with particular types of resources. Better understanding of
institutions that shape human interactions with the environment, these
institutions' functioning, and their linkages is essential to forecasting global
change and developing policy responses that reduce vulnerability as well as to
effective long-term resource management.
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Importance of Both Analysis and Deliberative Procedure in
Environmental Decision Making

Wise environmental policy making requires good analyses of the various
kinds of values and costs associated with environmental change and of the
values and costs associated with available policy options. Human dimensions
researchers are developing and refining analytical procedures for environmental
accounting and valuation, cost-benefit analysis, and other tools to estimate the
costs of global change and of policy response options. However, research also
shows the dependence of these analyses on highly contestable judgments in
areas where knowledge is incomplete and where value disagreements are
significant, such as in estimating nonmarket values and intergenerational equity.
One lesson is that, in addition to reliable analytical procedures, wise decision
making depends on developing appropriate and acceptable processes for
deliberating about analytical assumptions and identifying information needs
among scientists, policy makers, and others interested in global change
decisions. Research on the effectiveness of various deliberative procedures is in
its infancy compared with research on analytical techniques.

Importance of a Broad-Based Infrastructure

A broad national and international infrastructure is developing for research
and policy development on the human dimensions of global environmental
change. Within the USGCRP the effort has broadened from a program of
investigator-initiated studies funded by NSF to encompass some larger and
more focused NSF initiatives, such as a set of human dimensions centers and
teams and efforts on policy research and global change and on methods and
models for integrated assessment; significant research activities by the U.S.
Department of Energy (DOE) and its laboratories, the U.S. Environmental
Protection Agency (EPA), the National Oceanic and Atmospheric
Administration (NOAA), and the National Institutes of Health; smaller research
programs at NASA, the U.S. Department of Agriculture, the U.S. Department
of the Interior (DOI), and the National Institute of Child Health and Human
Development; and highly promising interagency collaborations between NSF
and EPA on watersheds and on valuation and decision making. It has proven
especially important to find ways to meld a strong social scientific base with
substantive focus on global change questions. Useful strategies have included
interdisciplinary review of proposals; development of problem-focused
initiatives at NSF; incorporation of strong social science input into the peer
review process in mission agencies, sometimes drawing on NSF for support;
and formal interagency collaborations.

It is also important to encourage international collaborations, to exchange
ideas, improve access to data, engage in international comparative research, and
take advantage of synergism among research efforts. The IHDP, under the aus
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pices of the International Council of Scientific Unions and the International
Social Science Council, has brought the international research community
together in two major international conferences148 and now has active core
projects on land use and land cover change, industrial transformation,
environmental security, and institutions. The IHDP currently provides a
framework for collaboration among social scientists and coordination of
national human dimensions programs. The IPCC also provides an important
forum for the interchange of ideas concerning the human causes, impacts, and
responses to climate change. Recently, regional networks and organizations,
such as the Asia Pacific Network, the Inter American Institute, the European
Community, and the System for Analysis, Research, and Training (START) are
developing human dimensions research programs.

Significance of Improved Observational Methods and Data
Systems

Observation, that is, the collection of data, relies on sources ranging from
remote sensing platforms on satellites to social surveys. The quality of social
data that serve global change research has been improved by applying cognitive
laboratory techniques to the way survey questions are asked and using
multilevel models and datasets to incorporate community, household, and
individual factors into the same analyses. Longitudinal datasets collected by the
U.S. government, such as the Residential Energy Consumption Survey, the
Nationwide Personal Transportation Survey, the Consumer Expenditure Survey,
the National Longitudinal Survey of Youth, the National Survey of Families
and Households, and others, have permitted the use of more complex statistical
models to understand underlying causal processes. These techniques have been
further developed through privately conducted government-funded surveys,
such as the Panel Study of Income Dynamics and the General Social Survey.
New multicountry survey studies of environmental beliefs, attitudes, and
consumer behavior will benefit from these advances.

Systems for linking datasets and increasing their availability provide
opportunities for major advances in human dimensions research. The past 10
years have seen the establishment or linkage of several international databases
of use in studying the human dimensions of global change. For example, a 1996
report149 on the global environment provides an accessible compilation of
international environmental trends at the country level from disparate sources,
including various United Nations agencies and the World Bank. It is becoming
the norm in the human dimensions community that data collected with federal
funds should be placed in the public domain. The key issue now is
implementation. The NASA-supported Social and Economic Data and
Applications Center (SEDAC) is charged with making social, economic, and
Earth science data available to the entire research and policy community.
SEDAC also hosts a World Data Center—A, covering human interactions with
the environment, and a data system for
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IHDP. Environmental data must be integrated with social datasets already
archived by organizations such as the Institute for Cooperative Programs in
Survey Research or by researchers who maintain their own distributional
mechanisms. Improved access to data via the World Wide Web, along with
advances in software and metadata standards, have greatly improved the ability
of researchers to search for specific types of data and then manipulate or
download them.

RESEARCH IMPERATIVES

Although considerable progress has been made in understanding the
human dimensions of global environmental change, there are still many
unresolved questions and several important new areas for research. In the
committee's review of progress, we identified many areas where knowledge was
lacking or research results were inadequate. In this section we attempt to
crystallize a research agenda of high-priority questions that might yield valuable
information in the next 5 to 10 years, given sufficient attention and resources.
These research imperatives have emerged from recent meetings and reports of
National Research Council (NRC) committees with an interest in human
dimensions research,150 from a review of other national and international efforts
to identify research priorities, and from consideration of the significant
intellectual gaps and opportunities identified in the review above.

Some of these research imperatives directly support particular themes of
the USGCRP, such as atmospheric chemistry and seasonal to interannual
climate prediction (see Table 7.4). Some focus on particular elements of the
traditional

TABLE 7.4 Human Dimensions Research Imperatives in Relation to Key USGCRP
Science Themes

USGCRP Science Themes
Human
Dimensions
Research
Imperative

Atmospheric
Chemistry

Dec-Cen
Climate
Change

Seasonal to
Interannual
Climate

Ecosystems

1. Consumption XX XX X
2. Technological
change

XX XX X X

3. Climate
assessment

XX XX X

4. Surprises X XX XX X
5. Institutions X XX X XX
6. Land use/
migration

X X X XX

7. Decision
making/
valuation

X XX X X

8. Scientific
integration

XX XX XX XX

9. Data links X X X X

NOTES: XX, strong relevance; X, some relevance.
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framework of causes, consequences, and responses used in human dimensions
research (see Table 7.5). Others cut across several of these themes, develop
understanding of fundamental social processes that affect human-environment
interactions, or suggest broadening of the overall USGCRP agenda.

TABLE 7.5 Human Dimensions Research Imperatives in Relation to Key Human
Dimensions Themes

Key Human Dimensions Themes
Human Dimensions
Research Imperative

Causes Consequences Responses Driving Forces/
Social Process

1. Consumption XX X XX
2. Technological
change

XX X XX XX

3. Climate assessment XX X
4. Surprises XX XX X
5. Institutions X X XX X
6. Land use/migration XX X XX
7. Decision making/
valuation

X XX XX X

8. Scientific
integration

XX XX XX X

9. Data links X X X XX

NOTES: XX, strong relevance; X, some relevance.

Social Determinants of Environmentally Significant
Consumption

Previous research has identified changes in the use of land, energy, and
materials as priority subjects in understanding the causes of global change.
Although the driving forces for the use of these resources include population
growth and technological change, in many regions the most important
determinant of environmental impacts is the per capita consumption of energy
and materials. Debates over the relative roles of "northern" consumption and
"southern" population growth, and over the responsibility of different social
groups within countries, have confounded international environmental
negotiations and domestic policy development. A recent report151 identifies the
study of environmentally significant consumption as an important area for
research, a point that is echoed by the recent joint statement on consumption of
the National Academy of Sciences and the Royal Society of London, as well as
by new research initiatives of the Organization for Economic Cooperation and
Development and the European Community.

Consumption, that is, the human transformation of energy and materials, is
environmentally significant "to the extent that it makes materials or energy less
available for future use, moves a biophysical system toward a different state, or,
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through its effect on those systems, threatens human health, welfare, or other
things people value.''152 Environmentally significant consumption and direct
alterations of biological systems are the two main ways in which humanity
affects the global environment.

Currently, the most environmentally significant consumption from a global
perspective consists of the major activities that burn fossil fuels (e.g., travel,
space heating and cooling, electricity production, industrial process heating)
and activities that use chlorofluorocarbons, nitrogen, and certain other materials
responsible for stratospheric ozone depletion, pollution of ecosystems, and
other global environmental changes. Other activities (wood and water use, meat
and fish consumption, toxic chemicals and waste disposal) are considered of
greater environmental significance at local levels and by some groups. New
information about biophysical processes can improve understanding of the
relative environmental importance of consumption activities.

Two trends in consumption are of the greatest importance to global
change. One is the rapid growth of consumption associated with the emergence
of a global middle class—growing segments of populations, particularly in
developing countries, that are able to afford the consumptive amenities of the
developed world, such as motor vehicles, refrigeration of food and living space,
and air travel. The other, potentially countervailing, trend is toward decreased
consumption per unit affluence, particularly in wealthy countries, probably
brought about by technological improvements, saturation of demand for some
amenities, the increasing effectiveness of environmental movements, and shifts
in the structure of economies. At the global level, the central question about
consumption is whether the second trend can counteract the first before
consumption causes unacceptable environmental changes. Below the global
level, however, the question looks quite different from the vantage points of
high-income and low-income countries and populations, which differ greatly in
how much benefit they perceive from further increases in consumption.

The social determinants of environmentally significant consumption153

include changes in human populations, development and diffusion of
consumptive technologies and behavior patterns, economic resources available
to households and firms, prices of fuels and equipment, human values and
preferences, availability and use of information, structural change in economies,
and public policies. One of the overall challenges is to understand the links
between individual demand for goods and services and the ultimate
environmental impacts of meeting those demands. Particular human needs and
wants may be satisfied by a variety of products and processes that cause
different types and magnitudes of environmental change. Understanding the
connections can help in finding ways to decrease the environmental impact of
meeting human needs.

Over the next decade, research on environmentally significant
consumption should address major questions such as the following:
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•   What are the constituents and determinants of energy use and other
environmentally significant consumption in countries and populations
at different levels of economic development?

•   How is consumption likely to change with increasing affluence in low-
income countries and populations and does this change always follow
the path that high-income countries and populations have followed?

•   What social forces drive the most environmentally significant
consumption types, such as travel, the diffusion of electrical
appliances, agricultural intensification, water use, and purchases of
high-energy-consuming vehicles?

•   What are the relative roles of various determinants of consumption in
different countries?

•   What policies at the national level lead to greater attention in
communities to such issues as urban sprawl, reducing the cost of home-
to-work commuting, expansion of green spaces, and enhanced
recycling of materials?

•   Which materials transformations have the greatest environmental
significance and what determines related kinds of consumption?

•   What interventions can effectively alter the course of the most
environmentally significant kinds of consumption?

•   What determines public support for effective consumption policies and
how do these factors vary across countries?

This research will involve analysis of disaggregate data on particular
consumption types in relation to prices, policies, and physical infrastructure
within countries; surveys of consumption behavior and related values and
beliefs in households and firms; data comparisons across consumption types
and countries; and experiments with interventions. It will also attempt to
understand how culture, fashion, advertising, and various kinds of opportunities
and constraints influence consumption and will investigate the ways in which
economic and cultural globalization and corporate and government decisions
increase, limit, or expand individual consumer choices.

Over the next 5 to 10 years this research can meet several critical goals:

•   Improve understanding of the constituents, determinants, and time
paths of energy use in developing countries, thus improving the ability
to model and anticipate anthropogenic carbon emissions, use of
biomass fuels, and emissions of local and regional air pollutants.

•   Improve projections of emissions and pollution in high-income
countries, along with understanding of the key behaviors driving those
emissions.

•   Improve understanding of how changes in water, food, and wood
consumption influence land use and vulnerability to climate variability
and change.
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•   Promote more realistic analyses of the policy options for achieving
national and international targets (e.g., limitation of greenhouse gas
emissions, control of regional air quality, more efficient use of water
resources), taking into account knowledge about public acceptability
and the requirements of successful implementation.

This research priority will develop basic understanding of consumption
and provide insight about its causes, dynamics, and trajectories that will be
essential for making informed decisions. It will also provide important support
for scientific research in atmospheric chemistry and decadal to centennial
climate change, in understanding how water demands create vulnerability to
climate change and variation and how ecosystem pollution and food and
materials consumption are drivers of land use change.

Sources and Processes of Technological Change

The rate of technological change is one of the most significant sources of
uncertainty in climate models as well as in understanding future uses of land,
ecosystems, and water. Moreover, development and adoption of new
technologies together constitute one of the most important methods available
for achieving national and international commitments to environmental
protection and sustainability.

Improving emissions scenarios for greenhouse gases and other globally
significant pollutants such as SO2 and hydrogenated chlorofluorocarbons
requires not only more accurate demographic trajectories but also sectoral
studies of changes in consumption and technology, particularly in developing
countries. The implementation and enforcement of international treaties to
control ozone depletion and greenhouse gas emissions and the projection of
future changes in atmospheric chemistry all will require a much more realistic
and geographically disaggregated assessment of land use, technology
substitution, consumer preferences, incentives, and trade than has been
undertaken to date. This effort requires research ranging from studies of the
industrial ecology of individual sectors, firms, and farms to analyses of
corporate strategy, trading relations, and responses to regulations.

Over the next decade, research on technological change and the
environment should address such questions as these:

•   What factors determine variations among sectors and actors and
change over time in the approximately 1 percent per year decrease in
national energy intensity generally attributed to technological change?

•   What factors determine average rates and variations around the average
in the adoption of new production technologies that reduce inputs of
energy and virgin materials per unit output?
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•   What factors determine the rate at which production costs of an
environmentally benign technology decline as output increases?

•   What have been the effects of prescriptive standards, best-available-
technology rules, public recognition, and awards to encourage
voluntary technology adoption and other technology-related
environmental policy instruments on actual rates of innovation?

This research on technological change will involve econometric modeling
of change in energy and materials productivity and case studies of technology
adoption in firms and industries, changes in production processes, and
responses to regulation and incentives, and case comparisons. Over the next 5 to
10 years this research can achieve the following:

•   Account for a significant proportion of variance in ''autonomous"
energy efficiency improvements, thus enabling more accurate
modeling of improvements in energy intensity and identifying factors
responsible for rapid efficiency improvements in some sectors and by
certain actors.

•   Identify characteristics of technology-related policy instruments
associated with more rapid innovation by industries.

•   Identify important sources of variation in technology adoption across
firms within industries.

•   Identify some of the causes of "learning" in production processes.

Research on technological change, particularly research documenting rapid
adoption of environmentally beneficial technology, will suggest effective policy
options for encouraging beneficial technological change. It is also critical to
improving the modeling and anticipation of the climatic impacts of greenhouse
gases, to understanding regional changes in atmospheric chemistry, and to
examining the role of technology in human impacts on terrestrial and marine
ecosystems.

Regionally Relevant Climate Change Assessments and
Seasonal to Interannual Climate Predictions

One of the great challenges of global change research is to make scientific
information, such as the results of climate modeling and analysis and studies of
vulnerability and adaptation possibilities, more relevant to decision making at
the local level. Regional assessments have been identified as a priority by the
IPCC, the USGCRP, and the International Research Institute for Climate
Prediction. Regional assessments can be developed for scenarios of global
warming, decadal climate shifts, and seasonal forecasts and have the potential
to address many issues of concern to local resource managers, corporations, and
citizens. This research priority is also highly relevant to scientific efforts to
provide more useful
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seasonal to interannual climate predictions and to understand decadal to
centennial shifts and changes in climate.

An important intellectual shift in climate impact assessment in recent years
has been an increased focus on understanding vulnerability and adaptation.
Understanding how global warming or ENSO will affect a local region is as
much a question of understanding the social and economic characteristics of the
region as it is of obtaining the appropriate results from a climate model. For
example, drought impacts on crop production are mediated by access to
adaptive technologies such as irrigation, fertilizer, and seeds, as well as crop
prices and subsidies and coping mechanisms such as environmental information
and insurance. Adaptive technologies and coping mechanisms vary
considerably by region, sector, and social group. Thus, improved regional
assessments require detailed studies of how vulnerability develops and can be
reduced. Future models and economic analyses are likely to include
vulnerability indicators and findings about processes that affect vulnerability.

Research priorities for understanding the impacts of long-term climate
change should address some of the agendas established by the IPCC. These
would include studies that take advantage of mesoscale model outputs and
downscaling techniques to improve regional projections of climate impacts and
detailed analysis and longer-term projections of changing vulnerability and
adaptive strategies. As scientific understanding of other decadal shifts in
atmospheric and ocean circulation improves, the research might also focus on
climate interactions with the management of resources such as ocean fisheries,
forests, and water and agricultural systems. For example, the dynamics of
fisheries in the context of decadal climate shifts cannot be understood without
an understanding of human pressures on marine resources.

In the area of seasonal to interannual climate prediction, an NRC panel has
developed a research agenda to increase the social usefulness of such
predictions.154 As described in Chapter 5, there have been significant
improvements in our ability to forecast climate 3 to 12 months in advance,
especially in relation to changes in sea surface temperature and atmospheric
circulation associated with ENSO. Because ENSO appears to be correlated with
large impacts on agriculture, health, water resources, and ecosystems, this
improved forecast capability has significant implications for people, especially
when combined with information on vulnerability and adaptive responses.

The NRC panel considered such issues as measuring and monitoring the
social impacts of climate variability, analyzing changes in vulnerability to
climatic extremes and variations in vulnerability across social groups, and
identifying opportunities and barriers for the beneficial use of seasonal
forecasts, including improved understanding of interactions with markets and
improved communication of uncertainties in the policy process and to forecast
users. Research to make climate predictions more socially useful must be
undertaken with close links to researchers and policy makers in affected regions
and with frequent communica
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tion with those producing the predictions. As understanding and predictability
extend to new regions, lead times, and levels of certainty, human dimensions
research can provide important insights into local vulnerability and policy
contexts as well as into human needs and responses to improved climate
information.

Over the next decade, research to make climate predictions more useful at
a regional level should focus on a number of questions, including the following:

•   What are the sectoral impacts at the regional level of climate change
and seasonal to interannual variations?

•   Are there impact and vulnerability indicators that can be useful to
detect the extent and severity of the impacts of global change on
human populations?

•   Can historical data be used to project future human vulnerabilities to
climatic variation and change?

•   How does climate change interact with other social and ecological
changes to influence crop yields, water use, and other impacts?

•   Can the mesoscale outputs of climate models be better linked to
models predicting the regional impacts of climate change?

•   How are the impacts of climate change and variability affected by the
coping techniques available to vulnerable groups?

•   When science can provide early warnings of possible catastrophes,
how can this information be transformed effectively into public
understanding and appropriate policy responses?

This research will include case studies of responses to past climate
variations; quantitative analyses of the social and economic consequences of
such variations, including adaptations and the distribution of impacts across
regions and social groups; development and testing of vulnerability indicators
against past data; building of models that project future vulnerability;
development and linking of models; and analysis of responses to climate
forecast information.

Over the next 5 to 10 years this research should be able to develop the
following:

•   Methods for linking mesoscale and other climate model outputs to
models of regional water resources, agricultural production, energy
needs, and health conditions.

•   Assessments of the vulnerability of many regions to climate change
and variation.

•   Estimates of the potential regional impacts of future climate change
and variability and the value of improved climate information,
including seasonal forecasts.

•   Improved methods for delivering climate forecast information.

HUMAN DIMENSIONS OF GLOBAL ENVIRONMENTAL CHANGE: RESEARCH
PATHWAYS FOR THE NEXT DECADE

52

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Human Dimensions of Global Environmental Change: Research Pathways for the Next Decade
http://www.nap.edu/catalog/9641.html

http://www.nap.edu/catalog/9641.html


Social and Environmental Surprises

Natural science research has identified and is evaluating several kinds of
rapid and discontinuous environmental changes that might overwhelm human
adaptive capacities, at least in some localities. They include rapid climate
change events (as from a major disturbance of the North Atlantic Oscillation),
major outbreaks of diseases in humans or key crop species, and rapid
destruction of the reproductive capacity of key ecosystems resulting from
chemical releases to the environment. The damage to society should such
changes come to pass is obvious; it is less obvious how to deal best with the
prospects of such changes. Societies must function and plan for the future in the
face of continuing revelations from environmental science and high uncertainty
about potential catastrophes. We must also deal with meta-uncertainty—not
knowing how uncertain we are.

It is not just rapid environmental changes that may produce global change
surprises. Social systems can also change rapidly and discontinuously in ways
that may greatly alter environmental systems and human vulnerability to global
change.155 History provides a number of illustrations of such changes, including
the environmental impact of European political decisions to colonize (including
the rapid spread of diseases and land use changes) and the impact of regional
and global warfare on resource consumption and ecosystems. More recent rapid
political and economic changes also have major global change implications. For
example, the collapse of the Soviet political bloc altered greenhouse gas
emissions and land use, restructured trade and property rights, and altered
political alliances. The environmental and social implications of such rapid
change should be a research priority. Another form of dramatic social change
has been the rapid spread of democratization and liberal economic policies in
Latin America and Africa. These too alter human-environment relationships in
unforeseen ways. As economic liberalization changes the terms of trade, land
use and industrial production can change quickly, with pollution patterns
shifting along with industrial relocation and deregulation and vulnerability to
climatic extremes changing with the restructuring of agriculture and food
systems. Democratization can transform public attitudes and open up decision
making processes to popular movements, altering the policy process responsive
to global change. One of the most challenging questions is to understand how
these rapid social changes may interact with rapid environmental change.

Some of the key questions about surprises for the next decade are the
following:

•   What are the human consequences of rapid climate changes in the past
and present?

•   What are the global environmental change implications of rapid
political and social changes in the past and present?
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•   How have environmental and social surprises interacted?
•   Which human activities (e.g., patterns of land use and management,

chemical releases) can significantly alter the potential for major
environmental surprises?

•   When science can provide early warnings of possible catastrophes,
how can this information be transformed effectively into public
understanding and appropriate policy responses?

•   How can hazard management systems, including insurance strategies,
subsidies, technological investment, and warning systems, be
organized to increase resilience in the face of major surprises and at
what cost?

•   How can society deal with the possibility that citizens will become
immobilized by warnings of possible, but highly improbable,
environmental catastrophes?

Research on environmental surprises should include comparative studies of
past environmental catastrophes and hazard management systems, simulations
that superimpose plausible hazard events on existing hazard management
systems, and experiments to test responses of individuals and organizations to
information about possible environmental surprises.

Research in the next 5 to 10 years can achieve the following:

•   Document and analyze the environmental implications of recent rapid
social changes, such as post-Soviet restructuring, democratization,
trade liberalization, and resource privatization.

•   In collaborations between social scientists and natural scientists,
significantly elaborate the human dimensions of credible but low-
probability geophysical catastrophes, ecological collapses, and disease
outbreaks.

•   Examine the consequences of and responses to catastrophes in the
historical and prehistoric records, to identify the characteristics of
hazard management systems that have been associated with effective
response in the past.

•   Evaluate the immobilization hypothesis and, if it is a serious threat to
response, suggest ways of presenting information about possible
surprises that could overcome such tendencies.

•   Develop some practical approaches through which those responsible
for hazard management systems can consider the implications of
catastrophe scenarios for those systems.

Effective Institutions for Managing Global Environmental
Change

To make effective and well-informed decisions to anticipate the threat of
global environmental change, society needs better understanding of how social
institutions influence environmentally significant human actions. This need can
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be seen from the following observations: international agreements set targets
without much consideration to what is feasible; governments often set resource
extraction limits at unsustainable levels; national policies often appear to local
resource managers to be part of the problem; techniques for estimating the full
social costs of natural resource consumption rarely result in either social
consensus or policy decisions; institutional change often has unforeseen or
unfair distributional impacts; and even when there is widespread agreement
about a global change phenomenon among specialists, many people perceive a
high level of scientific disagreement. Such difficulties afflict resource
management institutions at levels from local to international.

Global and national institutions, which are at the same scale as the
problems, must be better coordinated with local institutions, which are often at
the same scale as the solutions. Decision makers need more information about
how to achieve this coordination. They also need to develop institutional
approaches for allocating environmental resources when market prices give
incomplete or misleading information. Research on environmental management
institutions advances our understanding of the causes, consequences, and
responses to global change and should thus be given a high priority.

Over the next decade, research to meet these needs should address such
questions as the following:

•   What are the characteristics of effective institutions for managing
global environmental change?

•   What are the correlates of effectiveness for the management of
international environmental and natural resources by international
regimes and institutions? In particular, what are the conditions
favoring effective implementation of commitments to protect
biodiversity, forests, oceans, and stratospheric ozone and to prevent
climate change?

•   What are the implications, applicability, and limits of particular policy
instruments, including market-based instruments and alterations in
property rights institutions at international, national, and local levels?

•   How do declaratory targets, consensus policies, and review processes
interact to influence behavior and restructure the power relationships
of states and nonstate actors?

•   Which characteristics of national institutions are most conducive to
sustainable resource management by local institutions?

•   How can knowledge about the conditions for successful local resource
management be applied to problems at national and international levels?

Research on these questions will demand a variety of methods, including
systematic empirical study of existing regimes and institutions for managing
global change issues at levels from the international to the local; conceptual
studies of proposed institutional policy instruments, focusing on bargaining prob
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lems and links among international, national, and local levels; theoretical
studies of the bargaining, contracting, and principal-agent aspects of
implementing commitments at higher levels by delegating substantial authority
to lower-level agents (e.g., tradable permit systems, joint implementation,
federal systems); institutional and political study of the applicability of
institutions at lower levels of organization to the design of national and
international policy instruments; quasi-experimental studies, case comparisons,
and simulation studies of the effects of major changes in institutions and rules,
based in part on data from archival records and the recollections of participants;
and small-scale simulations and experiments.

Over the next 5 to 10 years, research on these issues can be expected to
lead to a number of achievements:

•   Identification of conditions, potential contributions, and pitfalls
associated with specific policy instruments, such as tradable permits,
and with specific designs of environmental institutions.

•   Development of a larger and more consistent body of data on
international institutions and regimes and on regional and local
property rights and other institutions with which to conduct
comparative studies of their formation, evolution, and influence.

•   Identification of conditions under which particular national policies
assist or impede the efforts of local resource management institutions
to sustain their resources and identification of insights from the
experience of local resource management institutions that are
transferable or adaptable to national and international institutions.

•   Identification of the contributions of process-based international
review mechanisms to changed behavior.

Changes in Land Use/Land Cover and Patterns of Migration

Considerable progress is already being made in understanding land use/
land cover change and changes in human population processes. All land use is
local, but the forces influencing the dynamics of land use and land cover come
not only from individuals, households, and communities but also from
processes at regional, national, and global levels. To understand land use and
land cover change requires knowledge of how forces within and beyond the
individual actor combine to affect decisions, particularly the conditions
conducive to land use decisions that are either destructive or restorative to the
environment. We do not yet fully understand how individual perceptions,
attitudes, and socioeconomic situations affect land use choices or precisely how
various external conditions, such as trade and international political economy,
in addition to local rules for access to resources, insurance regulations, distance
to markets, infrastructure development,
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and other factors, interact in the calculus that people use in making decisions
about resource use.

One of the current challenges in understanding land use change, as well as
changes in the use of water, marine ecosystems, and other resources, is
characterizing the role of population in environmental change and degradation.
As noted, considerable progress has been made in understanding population-
environment relationships and in explaining more basic population dynamics.
There is some agreement that, in the future, migration, rather than changes in
human fertility and mortality, will be the key demographic link between the two
dynamic processes of land use and land cover change. Causation and feedback
will probably move in both directions: environmental changes will likely cause
migration, and migration will likely change the environment. Careful research
into the relationships between population mobility and environmental change is
also needed because of the growing popular concern with environmental
refugees, the environmental impacts of immigration, and the role of population
in environmental conflict and security.156 There is very little empirical
documentation of the relationships between migration and environment.

Population migrations in the United States, however, illustrate the process.
There were large migrations into the Midwest from the middle of the nineteenth
century until about 1920, after which time the population of the country became
increasingly urban—until the past decade, that is, when, across the country, a
growing number of households have moved outside of cities and either
commute to work or work at home part of the time. This shift, if it continues,
may have significant environmental consequences in terms of the consumption
of fossil fuel and other resources and for land use and land cover.

To understand the interaction of migration patterns and land use/land cover
change requires improved data and data analysis both on prior migrations and
intended future migrations. Data are needed for individual and household levels,
as well as for more aggregated levels. Data on migration and other social
variables must be linked with biophysical data from remote and land-based
sources on soils, climate, and other biophysical factors. The data must be
collected and coded in such a manner that they can be geo-linked at spatial and
temporal scales with resolutions appropriate for the theoretical issues addressed.
The necessary temporal depth can be achieved through prospective and
retrospective techniques. Retrospective approaches allow temporal depth in a
cross-sectional survey; prospective approaches permit the inclusion of
intentions and attitudes, which cannot be obtained retrospectively. The social
science community is now in a position to collect and analyze the requisite
migration data. In the past 15 years, considerable progress has been made in
improving the quality of retrospective migration data by embedding its
collection in a broader life history approach. More recently, advances have been
made in collecting prospective migration data by incorporating the insights of
social network analyses into the data collection
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process. Methodological aspects of geo-links to biophysical data are currently
being worked out.

The potential now exists to significantly improve understanding of the
inter-relationships between human spatial movements and land use/land cover
change. Assuming that sufficient migration data are collected to cover both
points of origin and receiving areas, we can move beyond such simple
statements as ''large migrations of individuals and families into a given area
affect the land use/land cover patterns in that area." Such research
accomplishments will involve disaggregating both migration streams and land
use/land cover change patterns so that specific attributes of migrants can be
related to specific aspects of land cover and land use. For example, does the
migration of young adults or the elderly have a larger impact on patterns of
forest regrowth in rural areas or on water use?

Research priorities for land use studies have been established
internationally through the IHDP/IGBP core project on land use/land cover
change.157 The U.S. research community should maintain collaborative ties with
IHDP/IGBP, and the USGCRP should work to ensure that this collaboration is
maintained. Research over the next decade should address such questions as the
following:

•   What are the links among land use change, migration, political and
economic changes, cultural factors, and household decision making?

•   What are the interrelations between migration and environmental
change?

•   What comparative case studies of land use and land cover change are
useful for understanding and modeling land use change at regional and
global scales?

This research will include efforts to map land use and land cover and will
document changes over time, develop and validate classifications of land use
and land cover, develop algorithms for making the classifications accurately
from remotely sensed data, undertake comparative and statistical analyses of
past relationships between changes in social driving forces and land use and
between land use and land cover, and develop and test regional and global
models of land use and land cover change. Research progress will depend on
remotely sensed data, which can provide key information on land cover and are
needed at appropriate spatial and temporal resolutions.

To obtain data on past population migrations and other social driving
forces, continued and improved access to earlier generations of remotely sensed
data is imperative. Data collected for military and/or intelligence purposes need
to be increasingly declassified and made available to the research community.
This need applies to data sources of both the United States and the former
Soviet Union. For future remote sensing instruments, fine-grain spatial
resolution is critical, as is the ability to determine the height of buildings in
urban areas. This research should take advantage of the development of
enhanced, multilevel, multiscale, and comparative methods in the study of
human communities across

HUMAN DIMENSIONS OF GLOBAL ENVIRONMENTAL CHANGE: RESEARCH
PATHWAYS FOR THE NEXT DECADE

58

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Human Dimensions of Global Environmental Change: Research Pathways for the Next Decade
http://www.nap.edu/catalog/9641.html

http://www.nap.edu/catalog/9641.html


the planet;158 it can also make use of Earth-observing satellites that offer 1-to 3-
m resolution and that facilitate observation, archiving, and analysis of human
impacts at that scale. Success will depend on collaboration between social
scientists and physical scientists in developing better algorithms for analyzing
the large datasets provided by fine-resolution satellites to address behavioral
questions.159 Use of remotely sensed data at this fine scale will require attention
to confidentiality in archiving and can benefit from past experience with social
data.160

Over the next 5 to 10 years research on land use issues can be expected to
meet a number of goals:

•   Development of datasets and comparative empirical studies on the
social causes and consequences of land use and land cover change in
different regions that will permit improved understanding of the
relative roles of population dynamics, economics, and other factors in
driving environmental change.

•   An improved capability to include detailed land use and land cover
information in regional-and global-scale models and the development
of prototype land use models that can be validated and used to identify
gaps in knowledge.

•   Use of a wider range of satellite data to study human-environment
interactions.

•   Improved understanding of the relationship of population mobility to
land use change, including the dynamics and environmental impacts of
migration.

Methods for Improving Decision Making About Global
Change

The link from science to policy is a major weakness in human response to
global change. Although science-based understanding is essential for making
informed decisions, it is not always obvious to scientists which information
would be considered useful and relevant by participants in environmental
decisions. It is also difficult for international, national, and local decision
makers to make sense of available scientific information on complex
environmental systems, much of which is uncertain or disputed and all of which
is subject to change. Well-informed choices are even harder to make because
they must be acceptable to decision participants who do not share common
understandings, interests, concerns, or values. Research should pursue three
related aims: improving methods for valuing nonmarket goods; improving
analytical methods for integrating multiple types of decision-relevant
information (e.g., integrated assessment models, cost-benefit analyses); and
developing decision processes that effectively combine analytical, deliberative,
and participatory approaches to
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understanding environmental choices and thus guide scientists toward
generating decision-relevant information.

Over the next decade this research field should address a number of
questions:

•   Are there ways to improve economic assessments of the costs, benefits,
and distributional effects of forecasted climate changes and variations,
taking adaptive capacity into account?

•   What are the best ways of communicating uncertainty, providing early
warnings of food and health problems, and introducing climate
information in the policy process?

•   How can environmental quality be incorporated into national
accounting systems, so that it can more easily be considered in the
policy-making process?

•   How can information about the nonmarket values of environmental
resources be incorporated effectively into decision making about
resource use?

•   How can we better represent, propagate, analyze, and describe
uncertainties and surprises in integrated assessment (e.g., integrating
quantitatively specified uncertainty with subjective probability
distributions, clarifying the relationship between uncertainty and
disagreement)?

•   What are the characteristics of institutional processes that ensure that
scientific analyses are organized so as to meet the needs of the full
range of decision making participants for information and involvement?

•   How can the knowledge and concerns of those participating in or
affected by environmental decisions be used to inform scientists about
how to make environmental information more decision relevant?

•   How do expert advice and assessment influence policy, decision
making, and collective knowledge of global change issues and how do
policy makers interpret information about scientific uncertainty as they
frame global change issues?

•   How can decision making procedures be structured to bring the
quantitative and formal information embedded in assessment models
together with scientific judgment and the judgments, values,
preferences, and beliefs of elite and nonelite citizens in decision
making processes that meet the informational needs of the participants
and are appropriate to the decision at hand?

Research to improve analytical techniques will use such methods as model
development, with particular attention to the modeling and propagation of
uncertainties through complex systems, dialogue among modelers using
different methods for analyzing the same issues, experimental studies of
methods for quantifying the nonmonetary values of environmental resources,
and surveys to identify
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those values. Research to improve decision making processes will use case
studies and comparisons of existing systems that inform management decisions
and will conduct experiments and simulations to test alternative processes,
particularly methods that involve broadly based deliberative processes, for
informing scientists about decision participants' information needs and for
informing policy debates.

Over the next 5 to 10 years research on these issues can be expected to
yield the following:

•   Improved methods for describing uncertainty, scientific disagreement,
and the potential for surprise in environmental systems (e.g., subjective
probability distributions based on expert elicitation, discursive
methods).

•   A theoretically grounded understanding of the sources of apparent
anomalies in expressed-preference methods of estimating nonmarket
values of environmental goods and services.

•   Clarification of the nature of conflicts over cost-benefit analyses and
other techniques of integrating information in support of
environmental policy decisions.

•   Improved understanding of the conditions under which particular
analytical approaches meet the needs of decision making participants
for information and involvement and the conditions under which these
approaches need to be supplemented with other techniques.

•   Improved ability to incorporate scientific information within
deliberative processes that involve scientists, policy makers, and
interested and affected parties in informing and making environmental
policy decisions. An experimental effort should be undertaken to use
dialogue among scientists, policy decision makers, and interested
publics to identify promising research areas that would lead to
information directly usable for policy. The current national assessment
effort might be studied as an experiment in this sort of dialogue and
used to identify some new and important research directions.

Improve Integration of Human Dimensions Research with
USGCRP Science Themes and with Other International

Research

As outlined in the USGCRP's (1997) Our Changing Planet, human
dimensions research should be a component of each science theme as well as a
crosscutting issue. What is needed now is to organize the USGCRP so as to
make this a reality. For each of the program's four major research themes, key
human dimensions research activities relevant to that theme must be identified
and supported. For example, atmospheric chemistry would include research on
the consumption patterns and technologies that drive emissions-altering
atmospheric chemistry, on the impacts of UV changes, and on the institutions
and decision
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making processes that result in the control of these emissions (e.g., the Montreal
Protocol and its implementation). The theme area of seasonal to interannual
climate prediction would include support for research on vulnerability to
climate variations and the social implications of seasonal predictions. Decadal
to centennial climate change research would incorporate research on
consumption and land use changes that alter the global carbon cycle; the driving
forces behind these changes; the vulnerability of water resources, agriculture,
and fisheries to decadal shifts in ocean-atmosphere circulation; and the social
and environmental effects of policies to limit greenhouse gas emissions.
Terrestrial and marine ecosystem studies would encompass work on human
causes, consequences, and responses to ecosystem changes, including an
increased emphasis on ways in which institutions (in the broadest sense of
property rights, laws, and markets) promote and prevent land use and ecosystem
changes; integrative assessments of the interactions between natural variations
and human exploitation of fisheries, grasslands, and forests; and studies of the
human impacts of ecosystem changes resulting from multiple stresses (e.g.,
ecosystem changes and climatic changes). Some steps are currently being taken
toward such integration (e.g., NOAA's effort to develop a research agenda on
the human dimensions of seasonal to interannual climate prediction). Such
efforts need to be encouraged and their research recommendations implemented.

Structuring support for human dimensions research only around themes
defined by natural science is inadequate because certain human dimensions
issues cut across all of the research themes and require crosscutting and
independent research initiatives. These initiatives include those on valuing
environmental quality, the problem of developing improved methods for
environmental decision making, and some questions about the human driving
forces of environmental change. The challenge of organizing research on these
crosscutting topics is confounded by multiagency responsibilities for funding.
The research priorities identified in this chapter cannot be addressed without
focused and coordinated funding. NSF, the agency responsible for the largest
share of designated human dimensions research funding within the USGCRP, is
the agency with the most experience in engaging basic social, behavioral, and
economic science expertise and in providing a strong peer review system for
proposals. However, NSF funds primarily investigator-initiated and
disciplinary, rather than problem-oriented and interdisciplinary, social science
research. Many of the other agencies currently have very small budgets ($1
million to $3 million) devoted to human dimensions research, which restricts
them to supporting research focused on the particular agency's responsibilities.
The danger exists that certain critical research areas will be perceived as too
crosscutting for funding by mission agencies and too interdisciplinary for
funding by NSF.

Basic social science research on human dimensions administered by
disciplinary programs at NSF in response to investigator-initiated proposals is
very important. But support is also needed in the form of interdisciplinary review
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panels, interagency collaborations, and research driven by specific science plans
and organized in centers of excellence to advance human dimensions research.
There are good models provided by the now-defunct human dimensions review
panel at NSF, the recent Human Dimensions Centers and Methods and Models
in Integrated Assessment initiatives, and the joint NSF-EPA partnerships in
environmental research. The last collaboration supports research on decision
making and valuation in environmental policy and on water and watersheds.
Similar partnerships could address the research priorities identified in this
document on environmentally significant consumption (NSF, EPA, and DOE),
land use change (NSF, NASA, DOI), and regional climate assessment (NSF,
NOAA, NASA).

Recent developments in international human dimensions infrastructure and
planning make it increasingly important for the USGCRP to support U.S.
participation in new international research projects and networks. This
participation will allow the USGCRP to leverage funds and research
contributions from other countries and to strengthen scientific capability in the
United States and in developing countries. The USGCRP should support both
core activities and U.S. participation in those IHDP programs that are well
planned and truly international, as well as other regional and international
networks such as the Inter American Institute, Asia Pacific Network, START,
and the International Research Institute for Climate Prediction as they organize
high-quality human dimensions research. We are at a critical juncture in the
development of many of these international programs and networks, and there
are opportunities to participate in new and important research collaborations
and to assist in defining international research agendas that should not be
missed. Many countries are about to organize new human dimensions research
initiatives and establish national advisory committees. There are important
opportunities for regional and bilateral collaboration with institutions such as
the European Commission (1995) through NAFTA, and with Japan and other
countries making a renewed commitment to human dimensions research.

Improve Geographic Links to Existing Social and Health Data

With few notable exceptions, social science data have been collected
without concern for research questions about the human dimensions of global
environmental change. The data collection efforts have mainly been driven by
other needs and paid for by agencies that are not part of the USGCRP. As a
result, the overwhelming majority of the publicly available social science
datasets, although potentially relevant to global change research, are not as well
suited as they might be to this purpose. Several steps could be taken to improve
this situation. First, when links from social science data to other observational
sources are necessary, the USGCRP could make a marginal investment in the
ongoing data collection to ensure that sufficient geographical location
information is collected to permit linking with data from relevant observational
platforms.
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Assuming the requisite geographical linkage data are obtained, the issue of
protecting the confidentiality of respondents arises. Below the country or
perhaps provincial scale, virtually all social science data are obtained with the
promise of protecting the confidentiality of individuals, households,
organizations, and often communities. For a variety of ethical reasons it is
essential that this confidentiality be maintained. Yet doing so makes it
impossible to have geo-linked public use files for the research community.
Efforts need to be made to facilitate building a secure system that can link
social science data to biophysical data to meet legitimate research needs while
simultaneously protecting the confidentiality of respondents.

Solutions might include the establishment of physical places where
researchers could go to do their analyses under appropriately supervised
conditions or a system that involved appropriate legal safeguards backed up by
enforceable penalties. The involved federal agencies need to establish a
mechanism to study the problem and put an effective solution in place. Without
effective solutions, scientific progress will be severely constrained.

Linkages between human health and ecosystem information can combine
environmental monitoring with consequences and impact monitoring. For
example, NSF's long-term ecological research site in New Mexico now traps
rodents for hantaviruses, in collaboration with the Centers for Disease Control
and Prevention. Data systems that integrate health outcomes with remote
sensing/geographic information system mapping can help researchers evaluate
climate and land use impacts on food sources, predators, and habitats for
rodents and other ecosystem changes with human consequences.

Linking social and biophysical data presumes stable funding for archiving
and disseminating human dimensions data and sufficient financial resources to
permit upgrading as the storage and dissemination technology changes. Both
the Social and Economic Data and Applications Center and the Institute for
Cooperative Programs in Survey Research have experienced substantial
uncertainties and interannual fluctuations in their funding, which in turn has
created problems for the research community. When the dissemination
mechanism involves individual projects, mechanisms need to be in place to
continue the archiving and dissemination of these datasets after the project is
complete.

In addition, the time is right to carefully examine the extent to which
existing and planned social science data serve the science needs of the global
research agenda. This issue is discussed more extensively in Chapter 9, but brief
reference is needed here. The bulk of social, economic, and health data used in
human dimensions of global research is collected for other purposes, at scales
well below the global level. To date, the principal federal agencies involved in
collecting social science data in the United States and abroad (Census Bureau,
Department of Labor, Department of Health and Human Services, and Agency
for International Development) have not been part of the USGCRP.
Furthermore, as discussed earlier in this chapter, human observations raise
confidentiality issues that
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may not be present in other global change research areas. We recommend a
careful review of the observational needs for human dimensions research, with
careful attention to the ability to link to other observational systems,
comparability across time and observational units, and confidentiality concerns.

CONCLUSION: KEY RESEARCH ISSUES FOR THE USGCRP

The USGCRP should address the human causes and consequences of
global change and human responses to anticipated or experienced global
change. Among the key research issues for the USGCRP should be the
following:

1.  Understanding the driving forces of environmentally significant
consumption. The USGCRP should develop understanding of the ways
in which various political, social, economic, and technological forces
combine to result in major transformations of land, water, energy, and
environmentally important materials. Such understanding will help to
both anticipate future environmental changes and identify potentially
useful interventions for mitigating environmental changes or easing
adaptation to them.

2.  Understanding sensitivity and vulnerability to environmental variations
and changes. The human consequences of environmental change
depend as much on the sensitivity and vulnerability of social systems
and on their ability to adapt as on the environmental changes they
experience. Thus, the USGCRP should develop understanding of both
aspects of consequences. It should improve predictive models of
specific environmental changes and variations that have human
impacts and develop understanding of the causes and likely future
trends of vulnerability and adaptive capacity. This research should
include a focus on the characteristics of social systems that make them
sensitive or vulnerable to particular environmental changes and on
social changes that are likely to alter the sensitivities of particular
human populations over time.

3.  Understanding institutions and processes for informing environmental
choices and managing environmental resources. People must respond
to environmental change at all levels of social organization from the
individual to the international. Decisions at all of these levels need to
be informed by knowledge of biophysical and social processes and by
understanding of human concerns. To enable more effective responses,
the USGCRP should develop understanding of the characteristics of
effective ways to integrate science and human concerns in informing
decisions and of effective institutional forms by which human groups
at all levels can monitor and manage the use of critical environmental
resources. Experimental efforts should be undertaken to use dialogue
among scientists, policy decision makers, and interested publics to
guide scientists in developing information that will be considered
useful and relevant by participants in environmental decisions.
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