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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20500

MEMBERS OF CONGRESS:

[ am pleased to forward “Our Changing Planet: The FY 1995 U.S. Global
Change Research Program.” This supplement to the President’s Fiscal Year
Budget has been prepared by the Subcommittee on Global Change
Research (SGCR) of the Committee on Environment and Natural
Resources Research (CENR). With the establishment of the National
Science and Technology Council (NSTC), announced by the President on
November 23, 1993, the CENR has assumed the responsibilities of the
Committee on Earth and Environmental Sciences, which previously pro-
duced this report.

The establishment of the CENR marks a turning point in the organization
of Federal research on environment and natural resource issues. Within the
CENR, we have established subcommittees whose responsibilities span the
complete range of local to global environmental issues: global change, bio-
logical diversity and ecosystems, resource use and management, toxic sub-
stances and solid and hazardous waste, air quality, water resources and
coastal and marine environments, and natural disaster reduction. The
CENR is currently developing an integrated Federal environment and nat-
ural resources R&D strategy that addresses individual environment and nat-
ural resource issues as well as identifying synergies and overlaps, seeking to
gain maximum benefit from our investment in research.

Scientists and governments around the world agree that continuing anthro-
pogenic emissions of carbon dioxide, methane, chlorofluorocarbons, and
other greenhouse gases and greenhouse gas precursors are expected to lead
to significant warming, shifts in precipitation patterns, and rising sea levels,
and have already led to stratospheric ozone depletion. However, uncertain-
ties remain in quantifying the magnitude, timing, and regional patterns of
climate change, and the implications for ecological systems and socio-eco-
nomic sectors.

President Clinton has taken several actions to respond to concerns that
these changes may adversely affect the human and economic health and wel-
fare of the United States and other nations. In his April 1993 Earth Day
statement, the President announced a commitment by the United States to
reduce its growth in the emissions of greenhouse gases. In October 1993,
the U.S. Climate Change Action Plan was released, which outlined U.S.
actions to limit the emissions of greenhouse gases in the year 2000 to the
emission levels of 1990. It also committed the United States to examine
long-term strategies to reduce the emissions of greenhouse gases.



To support these actions, the President is proposing to increase funding in
FY 1995 for the U.S. Global Change Research Program (USGCRP) to

$1.8 billion to sustain and to expand efforts to meet the needs of decision
makers. New and enhanced programs are proposed for conducting inte-
grated assessments, for social, economic, and policy sciences research, and
for improved understanding of the effects of global changes on the terrestri-
al biosphere. The budget also proposes to augment activities in observing,
understanding, and predicting the effects of human activities on the atmos-
phere, land, and oceans, including support for the Earth Observing System
satellite program.

In addition to the USGCRP activities described in this report, the
President’s budget also proposes additional resources for programs to
develop technologies and mechanisms for reducing greenhouse gas emis-
sions. Programs range from immediate actions in support of the U.S.
Climate Change Action Plan (for example, the EPA and DOE efforts to
encourage energy conservation and efficiency) to longer-term research
efforts to improve renewable energy technologies. Through the NSTC and
CENR, these mitigation activities and USGCRP research programs will be
closely coordinated.

In addition to its focus on long-term global changes, USGCRP research is
improving capabilities for predicting seasonal to interannual climate varia-
tions, in particular the El Nifio-Southern Oscillation. It is now possible to
predict the onset of extreme seasonal deviations of the climate up to a year
or more in advance. We will move aggressively to develop the application
of these new predictive capabilities in order to reduce the local loss of crops
as well as worldwide economic consequences of these seasonal anomalies in
rainfall and drought.

With the establishment of the CENR, co-chaired by Dr. D. James Baker of
NOAA, Dr. Robert Watson of OSTP, and Dr. Thomas Lovejoy of the
Smithsonian Institution, and with the continuing leadership of the SGCR by
Dr. Robert Corell of NSF, I am certain that the USGCRP will both contin-
ue its world renowned research activities and build a new tradition of excel-
lence in influencing national and international environmental policy devel-
opment.

Director
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EXECUTIVE SUMMARY

* During 1993, President Clinton announced the release of the U.S. Climate
Change Action Plan to reduce greenhouse gas emissions and directed the
Administration to begin actively working on negotiations of international
agreements on desertification and forestry.

The U.S. Global Change Research Program (USGCRP) supports research
to provide scientific insight into these and other global environmental
issues. USGCRP research covers a range of important issues, including:
climate change and greenhouse warming; ozone depletion and ultraviolet
radiation; and predicting significant variations of the seasonal to interannual
climate. This research significantly contributes to the larger worldwide
effort to study natural and human-induced changes in the Earth system.

USGCRP research is organized in a multidisciplinary framework designed
to: observe and document the state of the Earth system and its changes;
understand the processes which contribute to change; improve predictions
of future change; analyze the societal and environmental consequences of
global change; and support the needs of decision makers by developing
tools for assessing the policies and choices for responding to change.

The President’s budget proposes to allocate $ 1.8 billion for global change
research in FY 1995. This level of funding will allow the USGCRP to:

1) continue planning for the launch of the Earth Observing System
satellites, which will provide long-term global observations essential
to the national and international research program;

2) continue to support international land- and ocean-based programs
directed toward understanding Earth-system processes;

3) support efforts to model long-term changes in climate and ozone
that are the subject of international protocols and agreements; and

4) develop new programs in the social, economic, and policy sciences,
and in the integrated assessment of global change.

The USGCREP is increasing efforts to involve public and institutional deci-
sion makers in program planning, to expand public awareness and under-
standing of global change issues, and to train future scientists and educators
who will be skilled in developing innovative and multidisciplinary
approaches to furthering knowledge about complex and critical scientific
issues.

The USGCRP provides research and information to underpin efforts to
move forward on a sustainable and environmentally sound future, including
U.S. efforts in the Climate Convention and in negotiations on international
agreements on desertification and forestry.
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President Clinton’s Earth Day announcement on April 21, 1993 stated
that “We must take the lead in addressing the challenge of global
warming” In October 1993, President Clinton and Vice President
Gore announced the release of the U.S. Climate Change Action Plan
to demonstrate U.S. commitment to reducing greenhouse gas emis-
sions to their 1990 levels by the year 2000. During 1993, President
Clinton also signed the Convention on Biological Diversity, and his
administration is actively working on negotiations of international
agreements on desertification and forestry.

The U.S. Global Change Research Program (USGCRP), along with
other programs within the newly formed Committee on Environment
and Natural Resources Research (CENR), provides the research and
information needs underpinning efforts to move toward a sustainable
and environmentally sound future. The USGCRP was formalized
through the Global Change Research Act, which was adopted by the
U.S. Congress in 1990, establishing a research program “aimed at
understanding and responding to global change, including the cumula-
tive effects of human activities and natural processes on the environ-
ment, [and] to promote discussions toward international protocols in
global change research...” To meet these needs, the Clinton
Administration is recommending a focused Global Change Research
Program budget of $1.8 billion for FY 1995. These funds will sup-
port a wide range of policy-relevant research programs by the United
States, providing a major contribution to worldwide global change
research efforts. I

Research on global change is vital to the national interest. As Dr. John
Gibbons, Assistant to the President for Science and Technology,
recently stated in testimony to Congress, “... our international policy
experiences over the past few years have amply demonstrated that
U.S. global change interests are inexorably linked to our economic
welfare and national security, and domestic and foreign policy consid-
erations, and in many cases through formal international treaties and
agreements.”



WHAT IS GLOBAL CHANGE?

Global change is a term intended to encompass the full range of global
issues and interactions concerning natural and human-induced changes
in the Earth’s environment. The Global Change Research Act of 1990
defines global change as “changes in the global environment (including
alterations in climate, land productivity, oceans or other water
resources, atmospheric chemistry, and ecological systems) that may alter
the capacity of the Earth to sustain life” Global change issues include
understanding and predicting the causes and impacts of, and potential
responses to: long-term climate change and greenhouse warming;
changes in atmospheric ozone and ultraviolet (UV) radiation; and natural
climate fluctuations over seasonal to interannual time periods. Other
related global issues include desertification, deforestation, land use
management, and preservation of ecosystems and biodiversity.

WHY IS GLOBAL CHANGE RESEARCH
IMPORTANT?

The USGCRP provides scientific insight into the causes and effects of
changes in the Earth system, especially those related to human activities,
and is developing tools for assessing options for responding to global
change. The Program supports investments in Earth-system science and
research to help develop and evaluate the options for increasing the
sustainability of human communities and protecting the environment.
As the depth of understanding of these systems and their feedback
grows, the research results provide increasingly valuable input to sup-
port national and international policy formulation, as well as input to
evaluate the impacts and effectiveness of these decisions. Thus, long-
term commitment to a research program in global change provides the
foundation for understanding and evaluating the changing world, and at
the same time encourages wise decisions for the future of the nation and
the international community.

WHAT DOES THE U.S. GLOBAL CHANGE
RESEARCH PROGRAM DO?

Major foci of the USGCRP are: to observe and record what is happen-
ing to the Earth’s environment; to understand why changes are occur-
ring; to improve predictions of what will happen; to understand the
consequences of change; and to develop capabilities for assessing change.
Since its inception, the USGCRP has focused most intensely on:



Supporting land-, ocean- and space-based systems for
observing global change;

Developing worldwide data management and archiving
systems and enhancing data accessibility;

Supporting research on Earth system processes to
improve the understanding of the most important phys-
ical, biological, and chemical processes that influence

the global system; and

Supporting the development qf integrative Earth system
models for predicting the magnitude, timing, and
extent gf global change.

In response to new insights on the complexities of global change, the
Program is expanding its efforts that are directed towards:

Analyzing the impacts and consequences of global
change on the environment and on society; and

Developing tools _fbr assessing national and interna-
tional poh’cies and options for responding to global
change.

The USGCRP is organized under the auspices of the Subcommittee
on Global Change Research (SGCR) of the National Science and
Technology Council’s (NSTC) Committee on the Environment and
Natural Resources Research (CENR) [which has replaced the
Committee on Earth and Environmental Sciences (CEES)]. Eighteen
agencies, departments, and Executive Offices of the United States
Government have joined together to plan and implement the

USGCRP (Appendix D).

The USGCRP has been a major contributor to international scientific
research on global change through support of international programs



such as the World Climate Research Programme and the
International Geosphere-Biosphere Programme. To strengthen the
worldwide research effort, the U.S. also participates in numerous
bilateral and multilateral research activities, including the establish-
ment of regional research institutes, with the Inter-American
Institute for Global Change Research beginning operations in 1994.
The USGCRP joins organizations in other countries in providing sci-
entific information for international science assessments, including
those of the Intergovernmental Panel on Climate Change (IPCC) and
the International Ozone Assessments of the World Meteorological
Organization. In 1993, the USGCRP began to develop capabilities
for conducting integrated assessments of global change and its conse-
quences, with increased emphasis on understanding the social dimen-
sions and economic implications of global change.

During the first half of 1994, the USGCRP will prepare a ten-year
research plan, as called for in the Global Change Research Act. This
new research plan will detail the integrated, interagency strategy that
underlies the wide range of activities sponsored by the program and
propose new areas for emphasis. Since the last major research plan
was submitted with the FY 1991 budget, understanding of how the
global system can be influenced by the use of fossil fuels, changes in
land use (including deforestation), and release of industrial chemicals
has increased. In the 1994 Research Plan, more emphasis will be
placed on characterizing the nature and scope of global changes, what
the magnitude and significance of changes will be, and what decision
tools are needed to evaluate the choices that are available to adapt to
and mitigate potential changes.

The new plan will reflect this broadening in focus, recommending
expanded research efforts that improve understanding of the environ-
mental and socio-economic consequences of global change and help-
ing to explore the strengths and weaknesses of various approaches
and policies for dealing with global change. The plan will also pro-
pose mechanisms (e.g., milestones) for measuring the progress of the
integrated set of agency programs in addressing the science and poli-
cy questions critical to the USGCRP. In preparing this plan, the
SGCR will be seeking input and review from national and interna-
tional policy and research communities, from the executive and leg-
islative branches of the U.S. Government, from industry, and from
public and private interest groups.



WHAT ARE THE UNITED STATES AND THE
INTERNATIONAL COMMUNITY DOING ABOUT
GLOBAL CHANGE?

The U.S. Government is working with other nations to address the
issues associated with global change. The U.S. is one of many
nations that have signed and ratified the Montreal Protocol on
Substances that Deplete the Ozone Layer and subsequent amend-
ments, the Framework Convention on Climate Change, and the
Convention on Biodiversity. Along with other countries, the U.S. is
working to develop other international agreements on desertifica-
tion and the protection of forests. President Clinton’s announce-
ment on April 21, 1993, committed the United States to return
greenhouse gas emissions to 1990 levels by the year 2000, and the
release in October of the U.S. Climate Change Action Plan indicated
how the U.S. intends to accomplish this. The U.S. is also developing
long-term economic and technology-based strategies to enable
progress to continue on greenhouse gas reductions into the next
century.

To look more broadly at global environmental change, the Clinton
Administration has established the INational Council on Sustainable
Development, whose members include senior representatives from
within and outside the U.S. Government. The President is also
proposing revised regulations and supporting legislation to preserve
old-growth forests, to better care for government-owned range
lands, and to ensure preservation of wetlands, while continuing to
promote a growing economy. Thinking and researching globally
while acting regionally and nationally, this Administration is looking
toward a sustainable future for the pe.ople and the environment of
the U.S. and the world.

Through the development of regional institutes such as the Inter-
American Institute for Global Change Research, the SysTem for
Analysis, Research and Training (START), and the U.S. Country
Studies initiative, the USGCRP is working with developing countries
on vulnerability assessments and defining options for responding to
global change. The U.S.Government is refocusing foreign aid assis-
tance to encourage the promotion of sustainable technologies, such
as those related to renewable energy.



The USGCRP agencies are committed to a research program that can
provide information for national and international policy formula-
tion. To strengthen the science/policy linkage, the USGCRP is
intensifying efforts to improve communication with decision makers
and to identify those information needs that have the most significant
implications for near-term policy development. The USGCRP is
increasing support for research in the areas of: social, economic,
health, and policy sciences; understanding the interactions of terres-
trial ecosystems with global change; understanding and predicting
the environmental impacts of global change; and developing tools for
conducting assessments of global change. In addition to focused
USGCRP research activities, contributing research is directed toward
developing more efficient and cost-effective technologies for energy,
transportation, manufacturing, environmental controls, and informa-
tion transfer.

This report provides background information on the most critical
issues in global change, outlines the framework that is used to devel-
op policy-relevant information, highlights how the USGCRP con-
tributes to this expanding knowledge base, and describes internation-
al linkages and education and public outreach efforts. Appendices
present agency-by-agency budget information (A and B), a listing of
acronyms (C), USGCRP subcommittee members (D), and USGCRP
management and implementation (E).
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ADDRESSING CRITICAL GLOBAL CHANGE ISSUES
THROUGH A RESEARCH FRAMEWORK
¥

Global change research provides scientific insight into critical issues
and policy choices facing the nation and the world community.

Global change research to address these issues is organized into a flex-
ible, multidisciplinary framework for coordinating science activities.

While human activities have long influenced local environments
where people live, only since the start of the Industrial Revolution
and the rapid population explosion have human activities begun to
significantly influence the global environment. Measurements indi-
cate that these activities are inducing changes in the Earth system
which may have significant environmental consequences.

WHAT ARE SOME OF THE CRITICAL GLOBAL
CHANGE ISSUES?

Over the past two decades, a number of specific issues have gained
signiﬁcant attention and served as the foci of global Change research.
Critical issues attracting attention include:

Climate Change and Greenhouse Warming, which relates to the
potential for greenhouse gases and aerosols emitted as a result of
human activities to alter the global climate and cause significant
impacts on the natural environment and societal activities;

Ozone Depletion and UV Radiation, which relates to the effects of
emissions from human activities on the atmospheric ozone layer, and
the consequent reduction in the ability of the atmosphere to screen
out ultraviolet (UV) radiation; and

Significant Variations of the Seasonal Climate, which relates to
the agricultural, economic, and related effects on human activities

of sharp fluctuations and variations in the seasonal to interannual
climate, particularly the extended heavy precipitation and drought
episodes associated with El Nifio-Southern Oscillation (ENSO) events
in the tropical Pacific Ocean.



These three issues are by no means the only issues of global environ-
mental concern. Extension of agriculture and rapid increases in popu-
lation are leading to major changes in land use, including deforestation
and dryland degradation, which often have detrimental effects on the
resilience and complexity of ecosystems. The development of coast-
lines is altering beach processes, reducing coastal habitats, and making
communities more vulnerable to severe weather and sea level change.
USGCRP agencies support additional research directed toward better
understanding of these issues.

To meet the challenge of a changing environment, it is essential to
continue to undertake research to improve the predictions of conse-
quences and the effectiveness of options for responding to the impacts

of global change.

Climate Change and Greenhouse Warming

Human perception of climate is the result of many local and time-vary-
ing experiences, ranging from daily variations in rain and shine to
yearly variations in the intensity of the seasons. Climate influences the
local nature of clouds and storms, the quality and quantity of water
resources, the productivity of agricultural regions, and other activities
of societal concern. Agricultural productivity and economic activities
are closely tied to the seasonal climate, and can be significantly affected
by the extremes of floods, drought, and severe weather, as well as the
steady change of average climatic conditions. Although different
climates have existed in the past, it is the projected increase in the rate
of change and its global extent that make climate change a critical issue.

Increases in the concentrations of CO, and other gases are enhancing
the Earth’s greenhouse effect, the popular term for referring to the
trapping of infrared (heat) energy in the atmosphere. In the absence of
offsetting factors such as variable solar radiative output, climate models
predict that increases in greenhouse gas concentrations will raise the
temperature of the Earth with potentially disruptive consequences.
Reconstructions of past changes in climate over the Earth’s history and
theoretical understanding of how atmospheric, oceanic, and biological
processes combine to determine the climate suggest that the increase in
global average temperature may reach 1 .5-4 .5°C over the next centu-
ry; in addition, zones of significant precipitation may shift, generally
poleward and perhaps closer to coastal regions. Recent evidence,

10



Volcanic Cooling

The increasing concentrations of
greenhouse gases in the atmosphere
are not the only factors influencing
climate. Explosive volcanic eruptions
can inject enormous amounts of sulfur
dioxide and ash into the atmosphere.
Aerosol particles injected into the
stratosphere can result in climate
changes lasting up to several years.
Observed climatic responses to the
Mt. Pinatubo eruption have included
tropospheric cooling, stratospheric
warming, and an overall drop of about

variability on the climate system.

0.5°Cin the global average surface temperature.

There are not yet comprehensive estimates of how the effects of
changes in aerosol concentrations, changes in land cover and land
use, and changes in concentrations of greenhouse gases will
combine with natural influences to alter the global climate.
Examination of the temperature record of the last 100 years does
show a warming of about 0.5 °C, only temporarily reversed
recently by the volcanic influence of Mt. Pinatubo, suggesting
that the enhanced greenhouse effect is exerting the primary
influence. The fact that this warming is somewhat less and differ-
ent in timing than that predicted by computer models emphasizes
the need for continuing research directed toward gaining a better
understanding of both human and natural influences such as solar

< i st

(Upper) Satellite image showing ash and
steam emissions from Mt. Pinatubo. (Lower)
Aerosol particles produced from sulfur dioxide
injected into the stratosphere by the eruption
of Me. Pinatubo, as measured by SAGE Il
from June 14 to July 26, 1991.
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however, has shown that increases in atmospheric aerosols, which can
scatter solar energy and alter cloud cover, may offset some of the effects
of increases in greenhouse gas concentrations. Because of the inhomoge-
neous distribution of aerosols and because of uncertainties in their influ-
ence on cloud formation and hence on radiative transfer, their impact on
climate remains difficult to quantify.

The U.N. Framework Convention on Climate Change is prompting gov-
ernments to contemplate (and take) action to reduce greenhouse gas
emissions. To establish the scientific basis for national and international
policy formulation and decisions relating to human-induced emissions of
radiatively-active substances, it is necessary to monitor and understand
the changes in concentrations of radiatively-active gases and aerosols in
the Earth’s atmosphere and to quantify the effects of those changes on
the radiative forcing of climate.

Greenhouse gases of major policy significance include CO,, CH,, N,0,
the CFCs and their substitutes, and ozone in the lower stratosphere and
troposphere. The atmospheric concentrations of all of these gases are
changing as a result of human activities. Recent findings have provided
important new insights:

* Carbon Dioxide. The atmospheric concentration of carbon dioxide
(CO,) has risen about 30% since the 1700’s. This increase is responsi-
ble for more than half of the enhancement of the trapping of infrared
radiation due to human activities. Over the past two years the rate of
rise in the CO, concentration has, surprisingly and inexplicably,
slowed. There is reason to believe that this reduced rate of increase in
CO, concentration may be short-term. New measurements are refin-
ing estimates of ocean uptake, but important uncertainties remain
about uptake of CO, by terrestrial vegetation and soils.

* CFCs. Because CFCs are believed to destroy lower stratospheric
ozone, which is also a greenhouse gas, the net effect of CFCs as green-
house gases is less than previously believed. Observations show the
rate of increase of CFCs in the atmosphere to be slowing, consistent
with international emissions controls, although stratospheric ozone
depletion continues to occur.

* Methane. The atmospheric lifetime of methane (CH,) has been deter-
mined to be 25% longer than previously thought, which contributes to
raising its global warming potential (GWP). New research has shown

12



that while wetlands are a significant reservoir for carbon, methane
emissions from wetlands may increase with increasing CO, concen-
tration in the atmosphere. Over the last few years, the rate of
increase in atmospheric methane has slowed. In 1992, the rate of
increase was sharply reduced, but current measurements indicate
that it is returning to earlier values. Continued research is needed to
understand whether the reduced rate was due to reduced human
emissions or to an enhancement of sinks.

Ozone. Tropospheric ozone is an important greenhouse gas, and its
influence is greatest in the upper troposphere. Calculations suggest
that increases in tropospheric ozone can substantially increase radia-
tive forcing. However, trends in tropospheric ozone still have consid-
erable uncertainty. Field measurements demonstrate that most tro-
pospheric ozone over the temperate North Atlantic Ocean is derived
from transported North American presursors (nonmethane hydro-
carbons and reactive nitrogen compounds).

Very Long-Lived Greenhouse Gases. The lifetimes of fully-fluori-
nated (“perfluorinated”) hydrocarbons (PFCs), such as CF,, C,F,, and
C,Fl,, have been shown from laboratory and modeling studies to
exceed a thousand years. Understanding their chemistry and life-
times is critical because some have been proposed as CFC substi-
tutes, while others are emitted as trace products of industrial
processes, including aluminum production.

Aerosols. Modeling studies suggest that, in contrast to greenhouse
gases, anthropogenic sulfate aerosols can lower surface temperatures.
Research on the radiative effects of atmospheric aerosols resulting =
from emissions from coal and oil combustion and heavy industrial
processes is important to understanding whether aerosols may be, in
the near-term, counterbalancing the enhanced greenhouse effect of
carbon dioxide. The absence of measurements confirming the pre-
dicted increase in land surface temperatures in the Northern
Hemisphere appears to be most related to recent increases in the fre-
quency of cloud cover. Recent studies suggest that the hemispheric
asymmetry in this century’s warming may be due, at least in part, to
the preferential presence of sulfate aerosols in the Northern
Hemisphere as a result of industrial emissions patterns. For carbona-
ceous aerosols emitted by biomass burning, the sign of their climatic
effect is less certain, as predicted by the research results.

13



Climate Change Impacts

The changes in concentrations of greenhouse gases are predicted to
induce a wide range of climatic changes in addition to global warm-
ing. Warming of the oceans and the melting of icecaps and glaciers
will result in sea level rise. The amount of sea level rise over the next
century is projected to be tens of centimeters (several times the rate
of rise in the recent past), at the very least increasing the threats to
coastal areas from storms and hurricanes. Prospective shifts in pre-
cipitation patterns are predicted by some models to lead to impor-
tant shifts in world agricultural regions and in the availability of water
resources, with the possibility of altering long-established patterns of
land use. At the same time, the growth rate of plants under some
conditions can be increased in the presence of additional CO,, and
forests and grasslands can also be affected by increased CO, and shift-
ed precipitation patterns. Together, these changes have the potential
to cause important shifts in flora and fauna. It is vital to understand
what the vulnerabilities and capabilities of these systems to adjust are,
and how their resilience to change can be enhanced.

Because projected acceleration in the rate of change is vitally impor-
tant, it is essential to explore national and international options that
may be available for reducing the extent and momentum of human
influences on global change. One aspect of such an effort is the
development and utilization of new technologies. In the energy sec-
tor, contributing research is underway to develop alternative tech-
nologies that are renewable and more sustainable; in the agricultural
and food supply sector, new efforts are ongoing to improve crops and
their resistance to pests and other stresses. Another aspect of explor-
ing response options depends on improving the capability to under-
stand and predict human behavior and to understand the abilities and
willingness of societies to change, both sociologically and technologi-
cally. The FY 1995 USGCRP budget proposes more concentrated
research on the economic and social effectiveness of potential policy
options, especially those that encourage more sustainable patterns of
resource use and management.

Stratospheric Ozone Depletion and UV Radiation

Ozone-layer depletion, the associated increase in ground-level ultra-
violet radiation, and the impacts on human health and biota are sig-
nificant environmental problems. Human-produced chemicals con-
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Sites: Current and Planned

unambiguously caused by anth
pogenic emissions of halocarbons,
such emissions are strongly implicated
in the observed depletion of the global
ozone layer. These findings are drawn
from extensive ground-based and satel-
lite measurements, four major air-
borne campaigns, and the development

and application of stratospheric mod-  (Upper) Planned and current sites within
pp

els. This body of evidence underlies e ccuilERIO®: hgh orsipg TS
K ) . F National UV Monitoring Network. (Lower)
bOth domestlc and mternatlonal POllC)’ Increased exposure to UV radiation intensi-
deCiSionS g including tl’le London ( 1 990) fies concern over adverse health risks such as
i skin cancer.
and Copenhagen (1992) amendments
to the Montreal Protocol and the U.S. Clean Air Act

Amendments of 1990 to accelerate the phaseout of halocarbons.

Although there is a worldwide network of ozone monitoring sta-
tions, there is no analogous network for measuring the changes in
ultraviolet (UV) radiation. There is particularly a need to moni-
tor increases in UV-B radiation (radiation within the wavelength
range most suspected to cause biological damage) that might be
expected due to stratospheric ozone depletion. Collecting accu-
rately calibrated, high-quality, spectrally-resolved UV data is both
technically difficult and expensive. Although the U.S. and other
nations are operating a number of UV monitoring sites, there are
too few measurements currently available to verify predicted
increases in surface UV radiation resulting from stratospheric
ozone depletion other than in Antarctica, or to provide a compre-
hensive understanding of the effects of other changes in the

global system.
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taining chlorine and bromine, collectively referred to as halocarbons,
are depleting the stratospheric ozone layer. Even if the control mea-
sures of the United Nations Montreal Protocol (1987) and its amend-
ments are fully implemented, ozone depletion will continue for nearly
another decade. Because of the long atmospheric lifetimes (up to 100
years) of many of the halocarbons, the earliest recovery from the
Antarctic ozone “hole” is several decades away, and a return to near the
natural atmospheric levels of chlorine and bromine, and therefore of
ozone, will take centuries. Ozone-layer depletion is also known to be
linked to global climate change. National and international decision
makers continue to turn to the scientific community for predictions of
the future condition of the stratospheric ozone layer and for scientific
advice on how best to manage its rehabilitation.

Very recent measurements have shown that the rates of increase of
CFCs and halons are beginning to slow, while substitute CFCs are
beginning to accumulate in the atmosphere. These results, document-
ed through a worldwide measurement network, verify that interna-
tional decisions regarding emissions controls are beginning to have
effects on atmospheric halogen levels.

Long-term global satellite and ground-based monitoring activities have
demonstrated that stratospheric ozone depletion is occurring over
most of the globe, except in the tropics. Downward trends of several
percent per decade are now observed in all seasons at mid-latitudes
(poleward of 20°), with winter and springtime declines of as much as
6 — 8% per decade observed poleward of 45°. Global ozone depletion
was observed to be significantly worse in 1992 and 1993, including
wintertime depletions of up to 25% over populated regions in the high
latitudes of the Northern Hemisphere.

The observations of unexpected and unprecedented ozone depletion in
the past two years, coinciding with the period following the eruption
of Mt. Pinatubo, have revealed new gaps in understanding and, hence,
in prognostic capabilities. While ozone levels may have been per-
turbed by the Mt. Pinatubo eruption, either by changes in stratospher-
ic temperature and/ or circulation, or by enhanced heterogeneous
chemistry, the magnitude and timing of the recent, large ozone
decreases are not fully explained by the current understanding of these
effects. Consequently, evaluation of the heterogeneous chemistry
associated with surface reactions on aerosols through laboratory
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studies, atmospheric observations, and modeling remains a key
research priority that requires an enhanced focus.

Stratospheric ozone depletion is linked to changes in the surface
climate. Loss of lower-stratospheric ozone is predicted to lead to a
cooling tendency at the surface. As a result of this effect, ozone
decreases offset some of the greenhouse warming of the halocarbons
that caused the ozone change. Such indirect Couplings complicate
projection of changes in the global climate.

Signiﬁcant Variations of the Seasonal Climate

Variability within the natural climate system is historically perhaps
the single most fundamental environmental factor affecting the
course of human development. Societies, economies, and cultures
throughout the world have been developed based in large part on the
effectiveness of their ability to adapt to their climate. When temper-
atures and precipitation patterns depart significantly from historical
means, the consequences, especially if unanticipated, can be cata-
strophic. Examples of the global implications associated with year-
to-year variations in the climate include extreme drought such as that
experienced in southern Africa in 1991-92; severe flooding, includ-
ing the recent deluge in the midwestern United States; and complete
elimination of critical sectors of national economies, such as the
1972—73 collapse of the Peruvian anchoveta fisheries.

Successful simulation of the mutual evolution of the atmosphere and
ocean through coupled modeling has yielded a demonstrated capacity
to predict the onset of the ENSO warm events, known to be central
to short-term variability in the Earth’s climate system. Progress in
climate prediction has been stimulated by the development of a vari-
ety of models used for simulating ENSO events, by empirical studies
that have better defined the global impacts of ENSO, by theoretical
studies that have elucidated the underlying oceanic and atmospheric
processes accounting for the predictability of ENSO, and by the
development of substantially improved observing capabilities in the
Pacific for initializing and verifying models under development for
ENSO prediction. Compared to the early 1980’s, when observation-
al techniques were inadequate even to monitor the evolution of an
ENSO event once underway, observations are ongoing to detect day-
to-day changes in surface winds, sea surface temperature, upper
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ENSO Forecasts

The simulation of the evolution of the
atmosphere and ocean using coupled
models has yielded a demonstrated abili-
ty to predict the onset of the El Nino-
Southern Oscillation (ENSO) warming,
known to be central to short-term vari-
ability in the Earth’s climate system.
Experimental predictions from these
models can now be used to provide

The distribution of heat in the ocean sur-
advance warning to national and inter- face, as displayed in the image above (top),

national decision makers, which allows e beenfound to be intrinsically linked to
worldwide temperature and precipitation

them to adeSt Planting schedules and patterns at tropical and temperate latitudes.
crop selection in anticipation of anom-  This graphic shows the sea surface tempera-

’ : ) ture under non-ENSO conditions, ranging
alous climate patterns associated with  4n ved(hor) hrough yellow o blue (cold).

ENSO. Using ENSO-based rainfall ENSO events can affect the productivity of
) fisheries and farmlands.
forecasts, Peruvians have been able to
sustain the gross value of their agricultural sector, increasing it 3%
in 1987 in spite of the moderate 1986—87 ENSO event (in con-
trast to a 14% decrease in 1983, accompanying the devastating
1982—83 ENSO event). In Ceara, Brazil during the drought of
1991-92, a systematic effort to organize the timing of seeding,
based on prediction information, maintained agricultural produc-
tion close to the historical annual mean. A multinational capacity
is currently being developed to improve the ability to make accu-
rate regional climate forecasts, and to distribute this information
to affected nations in a format that most effectively addresses their
specific conditions and needs.

18




ocean thermal structure, and ocean currents on a basin scale in the
tropical Pacific. The capability to forecast the onset of ENSO phe-
nomena, up to a year in advance, represents a near-term return on
the USGCRP investment.

To ensure that advances in climate prediction continue and are most
appropriately suited to the specific needs of affected populations, a
Seasonal-to-Interannual Climate Prediction Program (SCPP), based
on the evolution of existing USGCRP program efforts to observe,
research, model, and assess the ocean and the atmosphere, is cur-
rently being established. The Program will be based on an integrated
approach that addresses climate variability from its origins in coupled
atmospheric and oceanic behavior through its physical manifestations
and socio-economic impacts. A fundamental component of the
SCPP is the plan to establish a multinational network of research and
application centers to develop and issue experimental seasonal to
interannual climate predictions based on global ocean-atmosphere
modeling of the ENSO phenomenon. The resulting forecasts will be
disseminated to those nations and regions that are particularly
impacted by climate variability associated with the ENSO phenome-
non. International Application Centers will refine the global fore-
casts and tailor guidance to the specific conditions and needs of the
localities they serve.

Many of the countries most affected by ENSO events are developing
countries with economies that are largely dependent upon their agri-
cultural and fishery sectors as a major source of food supply, employ-
ment, and foreign exchange. These countries often rely on a regular
and predictable climate cycle (e.g, monsoon rains) to provide food
and water for their populations. Climate information that can be
used by local decision makers to prepare for anomalous precipitation
and temperature patterns will provide the means to maintain and
enhance their agricultural, fishery, and economic productivity.

This new ability to forecast seasonal to interannual anomalies accu-
rately, along with strong indications of the potential for continued
progress in predicting anomalies in mid-latitudes, represents a semi-
nal contribution to the understanding of Earth systems processes.
Through application of this new “technology,” this scientific break-
through can be turned into an effective tool that will contribute to
the quality of human life, and to increased economic efficiency.
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 GLOBAL
 CHANGE

Global change research is organized into a ﬂexible
multidisciplinary framework for coordinating science
activities to support policy development.
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WHAT RESEARCH FRAMEWORK IS USED
TO ADDRESS THE ISSUES?

The development of a predictive understanding of how human activi-
ties are affecting and affected by the Earth system is among the most
complex of all scientific undertakings. This complexity arises for
many reasons. Human influences and interactions with the global
environment cover spatial scales from local to global and extend over
time scales from days and seasons to decades and centuries, both back
into the past and forward into the future. The influences and interac-
tions involve all sectors of global society and all components of the
Earth system, meaning that predictive capabilities must be developed
for social and institutional systems as well as physical, chemical, and
biological systems. Because the environment is so intimately tied to
people’s lives, all are impacted by any changes that might occur and
all are interested in the character and quality of the predictions.

To ensure a coordinated focus that
addresses questions ran gin g from

uﬁderstanding what 1is happen—
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Observing the Earth System, which includes (i) establishing
an integrated, comprehensive, long-term program of land-,
ocean-, in situ, and satellite-based observations on a global
scale that monitor and describe the current state of the Earth
system and (ii) assembling and analyzing observations on
recent and past social and environmental changes in the
Earth system,

Managing and Archiving Information, which includes
assembling, processing, storing, and distributing data and
information that document the state of the global system,
both the conditions of the natural system and of the societal
systems that are influencing and are influenced by global
environmental changes;

Understanding Processes, which includes conducting a
program of focused studies to measure, analyze, and investigate
the physical, chemical, biological, geological processes and
societal influences that govern Earth-system behavior and the
interactions of human activities with the global environment;

Predicting Changes, which includes developing, testing,
and applying integrated conceptual and predictive models of
the coupled Earth system in order to provide insights and
projections of the response of the atmosphere, oceans, and
land surface to natural and human influences and to reconcile
predicted and observed Earth-system behavior;

Analyzing Consequences, which includes evaluating and
interpreting the environmental and societal consequences
and impacts of global change and understanding the potential
for natural and technology-enhanced adaptation to and miti-

gation of global change; and

Assessing Policies and Options, which includes research on
social and economic interactions, decision frameworks (espe-
cially those which include decision making under uncertain-
ty), and development of the policy and economic tools of
analysis to examine the relative strengths and weaknesses of
the various choices for responding to global change.
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These streams of research activity are being designed and implement-
ed to provide sound scientific information in support of national and
international policy debate and decision making concerning the broad
spectrum of natural and human-induced changes occurring in the
global and regional environment.

To support coupling of USGCRP research activities to the national
and international scientific community and the communication of

research results to the public, the USGCRP includes two activities
focusing on outreach and integration: '

International Interactions, which includes encouraging and
promoting cooperation with other nations.in developing scientific
understanding and establishing the institutional framework neces-
sary for broad-based consideration of global change issues; and

Education and Public Awareness, which includes preparing
materials and organizing activities that promote consideration of
global change and its human dimensions as part of both public
awareness and educational processes.

HOW WILL NEW RESEARCH LINK TO THE
POLICY PROCESS?

Because of the need for improving understanding of the complex and
diverse relationships between human activities and global change, the
USGCRP will substantially increase support for programs that devel-
op tools for assessing policies and options, especially in the area of
integrated assessment methods. It also will increase support for
research in the social, economic, and policy sciences, and for
research that examines the impacts of and résponses to global change.
With higher levels of support, USGCRP programs will be able to
improve understanding of the impacts of global change on human
health, economic systems, settlements, and societal structures.
Increased support in programs contributing to the USGCRP will also
facilitate research on options for mitigation and adaptation strategies
and the development of technologies to implement those strategies.
Most significantly, new research in FY 1995 will result in better con-
nection of research to policy making. Of special interest to policy
makers will be the development of new decision analysis tools and
methodologies for integrating assessments of global change, its
impacts, and potential response options.
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Linking research to policy requires the development of new pro-
grams on the human dimensions of global change. New social and
economic research will focus on present and future patterns of
greenhouse gas emissions, actions that can be taken to modify those
patterns, and the effectiveness and potential benefits and costs of
these actions. Contributing research will improve understanding of
the effects on natural systems of factors like population growth, eco-
nomic growth, technological change, and international trade.

Just as uncertainties remain with respect to the response of the
climate system to changing emissions of greenhouse gases, impor-
tant gaps in knowledge persist as to how people and institutions
respond to changes in natural and human environmental conditions.
These uncertainties will affect future levels of emissions, and they
will influence the consideration and effectiveness of specific policies
to reduce those emissions.

Integrated Assessment Methodologies

Integrated assessments bring research results from natural, social,
and policy sciences into a framework that helps decision makers
identify and evaluate actions to respond to environmental changes.
Integrated assessments can help set priorities for the natural as well as
the social and policy science research areas by providing information
about the relative value to decision makers of information that is
likely to result from research investments. Another major objective
of integrated assessment is to develop information about interactions
of complex, linked systems and problems and to make this informa-
tion available in the decision-making process. Integrated assessments
can advance the state of research by providing a framework for
synthesizing findings and data from the physical, chemical, geologi-

cal, biological, economic, social, and health sciences.

For FY 1995, the USGCRP proposes to markedly increase its sup-
port of integrated assessment activities. Some of the increase will
support the development of methods and tools. One set of tools,
integrated assessment models (IAMs), are an emerging type of model
that link human forcing functions (e.g., greenhouse gas emissions),
the effects of those forcings on the Earth-system, the resulting
impacts on humans and ecosystems, and the economic and environ-
mental consequences of potential responses. The models allow dif-
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CLIMATE CHANGE
ASSESSMENT
FRAMEWORK

ferent global climate change policy options to be evaluated in terms
of their influence on various parameters, such as their effect on Gross
Domestic Product or employment. A number of the climate Change
IAMs have evolved from cost models developed primarily in the
1970’s and 1980’s that predicted emissions and calculated the cost of
meeting various emission or concentration goals.

IAMs can be of various types, depending on the issue being
addressed. Some IAMs are globally aggregated and do not, for exam-
ple, distinguish the United States from the rest of the world. Such
models can be used to study sequential decisions and the value of
additional information. These models cannot, however, facilitate
evaluation of policy instruments such as appliance efficiency stan-
dards, automobile efficiency standards, or having separate taxes on
different fuels.

IAMs can also be spatially disaggregated, dividing the world economy
into up to a few dozen regions. These larger models include more
realism in their treatment of specific aspects, such as regional emis-
sion patterns and economic activity by sector. This type of IAM will
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be better suited to answer policy questions such as how to trade off the
different greenhouse gases using economic as well as natural science
criteria. For example, a biomass energy option or carbon sequestration
program may become less effective if climate change is harmful to for-
est systems. Similarly, the model may indicate that international appli-
cation of policies such as are required in the United States by the Clean
Air Act may induce changes in future climate (e.g., through require-
ments for reduced emissions of particulate and sulfur) that need to be
considered in evaluations of climate changes due to greenhouse gas
emissions policies.

Phenomena associated with global change can affect currently stable
regional environments and indigenous natural resources, and could
have profound implications for land-use management. Regional-scale
integrated assessment models are being developed based on detailed
modeling of physical, chemical, geological, biological, and human sys-
tems. In many cases these models can define critical thresholds of envi-
ronmental change. Early work is proceeding on such models for
regions including the Great Lakes, the Great Plains, and the Southwest.

USGCRP support for integrated assessment methods will enhance
efforts to develop reduced-form models that mimic the more complete
natural science process models. The program will also encourage
examination of a variety of methodological issues related to integrat-
ed modeling, including development of additional quantitative and
qualitative approaches for integration. Related research will include:
(a) modeling and evaluating the implications of rates of global change in
addition to the extent of absolute change; (b) evaluating the impact of
an increased frequency of extreme events; (c) uncertainty analysis of
physical, economic, and biological parameters; (d) review of the suc-
cesses and shortcomings of past integrated assessment studies (e.g,, acid
precipitation, stratospheric ozone, supersonic transport); and (e) com-
parison and evaluation of integrated assessment methodologies.

Social, Economic and Policy Sciences

USGCRP research in the natural sciences can provide only limited
information for understanding the causes and impacts of, and societal
responses to global environmental change. Research in the natural sci-
ences needs to be integrated with research in the social, economic, and
behavioral sciences, the policy sciences, and the health sciences in order
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to provide a more complete understand'mg of the human dimensions
of environmental change.

Current programs in the social and behavioral sciences focus on a
number of areas of research including, but not limited to:

International population trends and the human condition
* What are the interactions between population growth/migration
and environmental change?
* What demographic and social factors are particularly relevant for
assessing the vulnerability of societies to environmental change?
* How do the health impacts of environmental change affect
consumers and households?

Patterns of trade and global economic activity

* How do world economic growth and international trade patterns
affect the use and value of environmental resources such as
wetlands, coastal zones, and forest?

* What effects might large-scale, debt-for-nature swaps have on
global environmental resources?

* How will the development and diffusion of technology affect
impacts from global changes?

* What effects might changes such as political and economic liber-
alization have on the use of environmental goods?

Adaptation and mitigation, including environmental resource
use and management

* Under what conditions has adaptive behavior to environmental
stresses been undertaken in the past?

* What are the costs and benetits of various policy approaches to
influence the use of key resources such as land, energy, water,
and coastal zones?

* How do institutional and legal rules affect the use of common
property resources?

* What international mechanisms and processes can be used to
build the international coalition needed to stabilize concentra-
tions of greenhouse gases?

New research within the USGCRP will focus on activities that drive

global change and which will be affected by it. A number of specific
questions confront policy and decision makers in governments and in
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Landsat
August 16, 19

Center Pivot Irrigation, Western Kansas
Landsat change pair showing increase in center pivot irrigation, which affects the
availability and delivery costs of groundwater resources in the region.

many different economic sectors as they consider the management
and use of resources such as energy, land, water, soils, and forests.
Foremost among these questions are “How is global change likely to
affect the availability and quality of resources?” and “How will poli-
cies and actions designed to mitigate or adapt to global change affect
the supply, cost, and use of resources?” Research on resource man-
agement is especially important in situations where resources have
multiple uses. The vulnerability of large-scale resource management
investments to global change, especially in developing countries
where resource investments often provide critical and life-sustaining
services, is another important issue.

Another priority is the valuation of environmental goods, services,
and assets, which requires fundamental research on how changes in
the availability and quality of these resources are understood and
measured in social terms. Environmental accounting poses signifi-
cant definition and characterization problems. Unlike economic sys-
tems, environmental systems do not have a calibrating mechanism
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such as market prices to determine relative unit values. While
numerical values exist for environmental goods, the consistency and
interpretation of these values is a problem. Existing techniques to
measure envirdhmental values, such as contingefit valuation, will be
the focus of further development, testing, and validation through
research conducted as part of the USGCRP. Alternative paradigms
of valuation, derived from other social and behavioral sciences that
reflect the psychological, cultural, and ethical dimensions of environ-
mental values, will be studied.

Policy science research within the USGCRP will also focus on data,
analytical methods, computational issues, and modeling requirements
of policy analysis. Significant data issues include availability, organiza-
tion, validation, reliability, and use of expert judgment techniques to
fill data gaps. Analytical issues include developing methods for
extracting general relationships from case studies, which are impor-
tant for historical evidence as well as for studies on environmental
services and benefits.

Related Research in Impacts, Adaptation and
Mitigation

Many programs relevant to impacts, adaptation and mitigation of
global change are underway as part of efforts outside of the
USGCRP. These programs contribute substantial information to
global change issues. Programs on impacts examine effects of global
change on the environment and society, including water quality and
supply, agricultural systems, and the health and diversity of natural
systems. Research in mitigation focuses on the reduction of green-
house gases and ozone-depleting chemicals in the atmosphere by
reducing emissions and increasing sinks for these gases. Research in
adaptation focuses on developing technologies and modifying prac-
tices to cope with climate change and increased UV radiation.
Adaptation and mitigation efforts also address costs and feasibility of
alternative technologies and their transfer, and provide economic
analyses of possible response strategies.

The President’s Climate Change Action Plan, a $280 million pro-
gram in FY 1995 (not part of the USGCRP budget), to limit green-
house gas emissions to the atmosphere consists of almost 50 actions
involving all sectors — industry, transportation, homes, office build-
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ings, forestry and agriculture. Several USGCRP agencies are partici-
pating in biennial reviews of progress under the Action Plan to report
on emissions trends and to adapt existing programs to evolving cir-
cumstances. Improved land and agricultural management will be
encouraged through technical and economic assistance to private,
non-industrial landowners. New residential appliance standards and
a renewable technology consortium are being established to encour-
age improved efficiency and commercialization of renewable tech-
nologies. Another program is encouraging the use of more energy-
efficient lighting equipment.

Funding for greenhouse gas mitigation research to develop energy-
efficient technologies for reducing emissions from all sectors is pro-
posed to increase about 40%. Examples include energy supply and
fuel usage in the utility, industrial, commercial and residential sec-
tors; process and operation studies in energy-intensive industries
such as primary metals, chemical and petroleum, cement, and pulp
and paper; fuels and efficiency improvements within the transporta-
tion sector, as well as transportation modes and influences of urban
planning; energy consumption, biomass burning practices, and fertil-
izer usage in the agriculture and forestry; afforestation/reforestation
efforts and maintenance of soil carbon pools; coal mining practices;
and CFC alternatives and new refrigeration, air conditioning and fire-
retarding technologies. This additional research, outside of the
USGCRP, contributes, however, to the overall goals and objectives of
the USGCRP.

Impacts and adaptation research includes understanding the effects of
global change on water supply and quality; review of water utilization
and related technologies; understanding the effects of global change
on food, fiber and timber supply, and ways to reduce vulnerability in
these areas; understanding vulnerability and adaptability of species
habitats and maintaining the health and diversity of natural systems;
understanding the interactions and effects of global change on
humans; and researching human adaptability to change. The SGCR
along with the CENR Subcommittee on Environmental Technologies
and Engineering Research, is reviewing all activities within the
Federal government that are important to understanding the impacts
of global change, the potential for adaptation to changes that might
occur, and means of mitigating change.
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Greenhouse gas concentrations can be
reduced through the use of alternative
energy sources, innovative transportation
strategies and better ecosystem manage-

ment to increase carbon uptake.
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Each global change issue is addressed through a process which strives to
document, understand, preJift, and assess the science in a way that )-':'e!ds
results that are relevant to the needs of decision makers.

Elements of the USGCRP Research Framework

A. OBSERVING GLOBAL CHANGE
1. Space-based Earth Observing System
2. Additional Space based Observations
3. Land- and Ocean-based Observations

. MANAGING GLOBAL CHANGE DATA AND INFORMATION
. UNDERSTANDING GLOBAL CHANGE PROCESSES

. Climate Dynamics and Hydrologic Systems

, Chemistry and Biogeochemical Dynamics

4. Human Interactions and Influences

|
2
2% |1'u|n|c1ic al Systems and Dynamics
4
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. Earth System History
5. Solid Farth Interactions
7. Solar Influences

. PREDICTING GLOBAL CHANGE
1. Earth System .\hnh']ing and | ong-lerm Prediction
2. Scasonal to Interannual Forec d\lill_{_l

3. Attribution and Reconciliation with Observations

.. ANALYZING GLOBAL CHANGE CONSEQUENCES AND
MITIGATION STRATEGIES
I. Environmental Impacts and Adaptation Mcchanisms
). Societal Impacts and Adaptation Mec hanisms

3. Mitication Strategics

ASSESSING POLICIES AND OPTIONS

1. Sodial, Economic, and Policy Sciences Rescarch
24 |||ln-:_1|1|1n-¢| Assessment (Il!!hl.l‘ili'lll'\

3. Decision Tools and Information

4. Resource Use and Management ‘Tools




THE FY 1995 U.S. GLOBAL CHANGE RESEARCH
PROGRAM

Each global change issue is addressed through a process which strives
to document, understand, predict, and assess the science in a way
that yields results which are relevant to the needs of decision makers.
A framework of program elements for coordinating the USGCRP has
been developed that expands on these research activity streams,
building on the research architecture presented in previous USGCRP
documents. The figure on the preceeding page represents the cur-
rent set of sub-elements within the USGCRP research framework.
This framework is being used to evaluate the research balance among
Program components and to identify Program gaps. Reviewing the
Program by framework element also helps to ensure that the overall
USGCRP is well integrated nationally and internationally, and that
individual elements of the Program are receiving the required atten-
tion and levels of funding. The proposed and ongoing research pro-
grams of the USGCRP are discussed below in the context of this
framework. Many of these programs are linked to international
efforts to address global change, as described in Chapter 4.

OBSERVING GLOBAL CHANGE

Continuation of efforts to develop a comprehensive program of land-,
ocean-, airborne, and satellite-based observations on a global scale is
critical to understanding and predicting global change. Some recent
accomplishments and future plans for the observing program are

highlighted below:

Space-Based Earth Observing System (EOS)

In order to advance scientific understanding of the entire Earth sys-
tem and to develop a deeper comprehension of its components and
the interactions among them, it is essential that long-term, compre-
hensive global observations are collected, archived, and analyzed. To
achieve this goal, U.S. agencies are cooperating with other countries
in developing an international Earth Observing System (EOS). EOS
is a series of polar-orbiting and low-inclination satellites that will pro-
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vide global observations of the land surface, biosphere, solid Earth,
atmosphere, and oceans for a minimum of 15 years.

EOS will greatly enhance the ability to understand and predict the
effects of many parts of the Earth system. These include:

Hydrologic and dynamic processes, which control the Earth’s tem-
perature and the formation, maintenance, and dissipation of clouds
and their interactions with solar radiation.

Biogeochemical processes, which contribute to the formation,
transport, and fate of trace gases and aerosols and their global
distributions.

Climatological processes, which govern the interactions of land
and ocean surfaces with the atmosphere through the transport of
water, heat, mass, and momentum.

Ecological processes, which are affected by and/ or will affect
global change, and their response to such changes through adapta-
tion and adjustment.

Geophysical processes, which have shaped and continue to modify
the Earth’s surface through volcanism and melting of glaciers and
sea ice.

Recent Accomplishments
in Observing Global Change

@ Data from TOMS, SSUVB, and SAGE enabled the USGCRP to main-
tain continuous global monitoring of stratospheric ozone, documenting
a record low total atmospheric ozone in 1993.

@ Data from Landsat enabled full coverage of Brazil, documenting rates of
deforestation. Estimates of deforestation rate are now lower than pre-
viously thought.

L 2 Through a network of ground-based sites, the USGCRP maintained
continuous measurements of atmospheric concentrations and trends of
greenhouse gases. These measurements have documented that the rate
of increase in CO, and in methane has slowed over the last two years.

€ An interagency UV Monitoring Network was established for nation-
wide coverage of UV at the surface. Health eftects research continues
to show cause for concern and the need for continuous UV monitoring.
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Data from EOS platforms will be made available
through the EOS Data and Information System
(EOSDIS), which is discussed in the Data Management section of this
chapter. Many of the accomplishments and program highlights includ-
ed in this chapter are directly related to EOS and the series of Earth
Probe missions that have been established to complement the EOS
platforms. These missions are being conducted with substantial inter-
national cooperation and participation from European, Canadian,
Japanese, and other space agencies from around the globe. The EOS-
AM Series is scheduled for launch in 1998.
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Additional Space-Based Observations

Currently, space-based observations are providing data on the follow-
ing variables that are crucial to monitoring and understanding global
change:

Ozone and Other Trace Stratospheric Constituents

The continuous global monitoring of stratospheric ozone levels is
extremely important in providing decision makers information that
can be used in international ozone assessments and for monitoring
the effects of the Montreal Protocol on global ozone levels. Analysis
of data from the Total Ozone Mapping Spectrometer (TOMS) instru-
ment on the Nimbus 7 satellite showed that globally averaged concen-
trations of total ozone had decreased to unprecedented low values
beginning in mid-1992 and continuing through early 1993. With the
loss of operation of the Nimbus 7 TOMS instrument in May 1993,
following 14.5 years of operation, the TOMS measurement sequence
is being continued using the TOMS instrument aboard a Russian
Meteor-3 spacecraft launched in August 1991. The Meteor-3
TOMS mission continues to be an excellent model for Russian—U.S.
cooperation. Data are received and independently processed by
Russian and U.S. scientists. Due to close collaboration between the
two groups, almost 100% of the data have been captured and
processed.

Preliminary Meteor-3 TOMS results showed that the record low
globally averaged total ozone amounts continued until the summer of
1993, when values began to approach pre-1992 values. The Meteor-
3 dataare being reprocessed to improve their accuracy so that more
quantitative comparisons can be made with data from Nimbus 7.
Record low average total ozone amounts in the important 30—60
degree north latitude band, which encompasses most of the U.S. as
well as Europe, were also observed in this period. It is thought that
these low levels may have been caused, in part, by the eruption of the
Philippine volcano Mt. Pinatubo in June 1992. Aerosol concentra-
tions resulting from the Mt. Pinatubo eruption were tracked globally
by SAGE Il and correlate well with low ozone measurements.
Because of its high sensitivity to aerosols, its I—-km vertical resolution,
and its inherent self-calibration, the SAGE Il instrument has provided
a valuable database useful for long-term studies of atmospheric
aerosols. To sustain the observation record, follow-on TOMS instru-
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ments are being prepared for launch on an Earth Probes Satellite in
1994, and on the Japanese Advanced Earth Observing Satellite
(ADEOS) mission scheduled for launch in February 1996.

The Upper Atmosphere Research Satellite (UARS) has been provid-
ing a wealth of new information about the stratosphere and mesos-
phere since it was deployed from the space shuttle Discovery in

1991. The UARS Microwave Limb Sounder (MLS) continues to pro-
vide global maps of ClO, the radical which is responsible for the
Antarctic Ozone Hole. MLS measurements show the very high levels
of ClO which are produced annually in the Antarctic and Arctic win-
ter stratospheric vortices. Cryogenic Limb Array Etalon
Spectrometer (CLAES) observations of the reservoir CIONO, com-
plement the MLS ClO observations. The springtime formation of
CIONO, in the Northern Hemisphere prevents the rapid ozone loss
seen above Antarctica from taking place above the Arctic. The first
global mapping of polar stratospheric clouds, which provide the sur-
faces needed for chemical reactions that release ClO from the chlo-
rine reservoirs, have been provided by the Improved Stratospheric
and Mesospheric Sounder (ISAMS) and by CLAES. Our understand-
ing__of the polar processes has also been increased by the UARS obser-
vations from these instruments.

The Space Shuttle has been an extremely effective platform for mea-
suring trace stratospheric constituents. The second flight of the
Atmospheric Laboratory for Applications and Science (ATLAS) took
place aboard the Space Shuttle in April 1993, and a third flight is
scheduled for October 1994. This will be the first flight of ATLAS
during the peak of the ozone depletion season over Antarctica. In
addition to the multiple instruments viewing the atmosphere, space
plasma, and the Sun from ATLAS, this October mission will deploy
the retrievable, German-built Shuttle Pallet Satellite (SPAS) carrying
two instruments to make unique infrared measurements of the
atmosphere and the first space-based observations of the critical
chemical radical, OH. One ATLAS instrument, the Shuttle Solar
Backscatter Ultraviolet Spectrometer (SSBUV), will also fly in March
1994 and will provide highly calibrated measurements in support of
atmospheric ozone monitoring. In addition to U.S. developed instru-
ments, the ATLAS/SSBUV payload includes instruments from
Germany, France, and Belgium, with participation from Switzerland
and the Netherlands.
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Sea Level, Ocean Topography, and Ocean Color
TOPEX/Poseidon, a joint U.S./France mission, is making global sea
level measurements with unprecedented accuracy, allowing scientists
the first opportunity to analyze the full spectrum of global signals.
The annual variation in hemispherically-averaged sea level was found
to be larger in the Northern Hemisphere than Southern Hemisphere
by a factor of two, reflecting the influence of the large land mass in
the Northern Hemisphere. This asymmetry has not been observed in
previous altimetry data due to orbital uncertainties.

TOPEX/Poseidon has also produced the first realistic, large-scale,
global ocean dynamic topography. This dynamic topography has been
found to improve the estimate of the general circulation of the North
Atlantic Ocean based on in situ observations, by reducing the dis-
crepancy between the estimate and the float observations.
Preliminary results indicate that a global ocean tide model with an
accuracy of 2 cm can be developed using the TOPEX/Poseidon data.
The TOPEX/Poseidon data are also being assimilated into a global
ocean GCM, and a global framework is being developed for integrat-
ing the WOCE and TOGA in situ data.

The Shuttle Imaging Radar-C (SIR-C) is scheduled for flights in April
and August 1994 and will be used for geologic, hydrologic, and
oceanographic studies. Because of its ability to image Earth through
cloud cover and its sensitivity to surface roughness, soil moisture, and
sea-ice-water contrast, it is useful in studies of geological features,
canopy morphology, sea-ice dynamics, and ocean surface tempera-
ture. The Lidar-in-space Technology Experiment (LITE) will fly in
September 1994 and demonstrate the utility of a space-based light
detection and ranging (lidar) instrument for observations of aerosols,
clouds, and surface albedo.

The development and launch of the Sea-viewing Wide-Field-of -view
Sensor (Sea WiFS) will assist researchers in understanding the prima-
ry productivity of the upper oceans and the fluxes of carbon dioxide
and other trace gases across the sea-air interface. SeaWiFS is sched-
uled to be launched in the Fall of 1994, and will provide the science

community with the first space-based ocean color measurements
since 1986.
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Air/Sea Interactions

Surface winds over the oceans can significantly affect ocean currents,
water vapor content in the atmosphere, and biogeochemical cycles. In
order to acquire data crucial to understanding these interactions, the
NASA Scatterometer (NSCAT) is currently being integrated and tested
for inclusion in the Japanese ADEOS mission scheduled for launch in
1996. It is the only instrument currently under development that will
be capable of acquiring measurements of wind direction and velocity
under all weather conditions.

Solar Irradiance

Because total solar irradiance provides the driving force for the Earth’s
climate system, it is very important to establish and maintain a long-
term record of this energy source. Active cavity radiometer instru-
ments have been flown on a number of research satellites to initiate
such a measurement record. The longest continuous record is the 14-
year data set of the Nimbus-7 Earth Radiation Budget (ERB) solar mea-
surements, which began in late 1978 and ended in early 1993.
Overlapping that record are the Solar Maximum Mission (1980-1989)
and the Earth Radiation Budget Experiment (1984--present) total solar
irradiance measurements. In addition, an active cavity radiometer is
currently operating on the Upper Atmosphere Research Satellite
(UARS). Covering the 11—year solar cycle, these measurements show
that on this time scale total solar irradiance variations are smaller than
anthropogenic climate forcing and are too small to have a significant
effect on climate. Nevertheless, it is important to maintain the data
record because variability on longer time scales may be larger in mag-
nitude and can potentially cause significant climate response. In fact,
total solar irradiance variations are suspected of being one of the causes
of past global climate changes on decades-to-century time scales. In the
future, total solar irradiance measurements are planned on the Solar
Heliospheric Observatory (SOHO) and EOS CHEM satellite missions.

Precipitation

Rainfall is one of the most important parameters which determines cli-
mate and, because it is one of the most variable, climate change. The
dynamic and thermodynamic processes which generate rainfall are cen-
tral to the dynamical, biological, and chemical processes in the atmos-
phere, in the oceans, and on the land surfaces. Latent heating, the pri-
mary internal source of energy for the atmosphere, occurs primarily
during the process of condensation of water vapor to liquid water and
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its subsequent precipitation. It is thus essential to quantify the rainfall
(and the energy it releases) in order to understand: (1) the dynamics
that produce clouds, and circulations and convection that transport
and mix minor constituents in the atmosphere; and (2) precipitation
patterns that cool the land surfaces, nourish the biota, and generate
the haline circulations in the oceans. The Tropical Rainfall Measuring
Mission (TRMM), a joint mission between the U.S. and Japan, will aid
substantially by quantifying the distribution of the two-thirds of global
precipitation estimated to fall in the tropics and subtropics. TRMM is
progressing toward a 1997 launch and a three-year mission life, and
will provide data to improve climate models by quantifying the energy
released by rainfall. This information is critical in understanding the
ENSO phenomenon, which is responsible for interannual climate vari-
ations that produce drought, storms, and floods on a global scale.

Land Cover and Vegetation

USGCRP agencies cooperated with the European Space Agency, the
International Geosphere-Biosphere Programme (IGBP), the informal
Committee on Earth Observation Satellites (CEOS), and more than
26 foreign ground-receiving stations in an 18—month experimental
program to collect 1 km resolution Advanced Very High Resolution
Radiometer (AVHRR) data for each daily pass of Landsat over the
Earth’s surface. More than 22,000 AVHRR scenes (almost 2 terabytes
of data) were collected and archived, and a prototype one-month data
set of global vegetation condition was prepared. The data are being
used to produce products such as global land cover maps and for mon-
itoring seasonal vegetation condition (greenness) and changes. Based
on its initial success, the program is continuing, complementing the
operational programs that collect global AVHRR data at 4 and 16 km
resolution primarily for oceanic and atmospheric applications.

The Landsat Pathfinder Program has acquired over 1,000 Landsat
Multispectral Scanner and Thematic Mapper scenes of the world’s
tropical forests between the early 1970’s and the present. These
scenes are being analyzed to determine the extent of deforestation at
three epochs, the late 70’s, the middle 80’s and the present. Current
estimates of deforestation are considerably lower than earlier esti-
mates, which were based on statisitical data and lower resolution
remote sensing. These results suggest that carbon emissions from the
region are lower than previously thought, thus reducing somewhat the
magitude of the apparent “missing carbon sink.”
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Data from Landsat are essential for study of land-cover change and
deforestation and their impact on degradation of animal habitats and
biodiversity. Plans are underway to restore implementation and man-
agement of the Landsat program in light of the Landsat 6 failure in
1993. The final arrangements will likely call for establishing a long-
term plan that accommodates the continuity of observations in a man-
ner consistent with current Landsat data, and that allows moderniza-
tion of the Thematic Mapper sensor by capitalizing on new technology
to reduce its mass, volume, and cost. Landsat 7 is scheduled for launch
in 1998.

Sea Ice Cover

Recent accomplishments have significantly enhanced the ability to
monitor global sea-ice cover and to investigate more thoroughly key
processes, such as albedo feedback and ocean density modification, that
are important to global climate. A sea-ice atlas was recently published
which extended the time series of sea-ice cover to include 1973—-1976
and 1978—1987. Current work will yield the complete time series
1973—-1993, enabling analysis for trends in sea-ice cover. Automated
techniques used to monitor detailed sea-ice characteristics and ice
motion from SAR data and to estimate ice-surface temperature from
AVHRR data have also been developed.

Land- and Ocean-Based Observations

Most measurements of local and regional climatic variables are taken
primarily for weather forecasting and other purposes, and are not
described here. The USGCRP augments these many contributing
efforts with several special programs.

Greenhouse Gases, Aerosols, and Ozone

The atmospheric burden of aerosols from human activities continue to
be quite high. Anthropogenic aerosols include sulfate aerosols, which
are formed primarily from sulfur dioxide emitted from major urban
and industrial complexes, and carbon-containing aerosols, which are
emitted from combustion of fossil fuels and from biomass burning.

The impacts of an increasing atmospheric aerosol burden, on a regional
scale, include reduced solar radiation at the surface (which can lead to
cooling), and changes in atmospheric dynamics (which can lead to vari-
ations in seasonal rainfall and temperature patterns). Within the U.S.,
aerosol measurements are made routinely as part of air quality pro-
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grams. In 1995, the USGCRP is proposing to enhance efforts to
develop a global observational data base by contributing significantly to
the Global Climate Observing System (GCOS), an international pro-
gram proposed by the WMO, ICSU, UNEP, and UNESCO, that will
support observations and research on atmospheric clouds, aerosols,
water vapor, radiation budgets, and ozone, as well as on critical ocean
and land parameters important to global change.

The atmospheric burden of natural aerosols was reduced in 1993.
Both space- and ground-based measurements showed that the volcanic
aerosols injected into the stratosphere by the June 1991 eruption of
Mt. Pinatubo in the Philippines are finally being removed from the
atmosphere by natural processes. This has resulted in the return of the
global average temperature to the warmer levels typical of the 1980’s,
and to a reduction in the sharp decrease in ozone concentration in the
lower stratosphere that is thought to have been caused by volcanic
aerosols.

Research is ongoing to establish a baseline of information about natu-
rally forming aerosols in remote maritime locations to which the cli-
matology of aerosols in more populated areas can be compared. The
program, a cooperative effort between government laboratories and
universities, includes ship cruises to gather information about aerosol
formation in ocean areas of both hemispheres, and the establishment of
several monitoring stations in both continental and maritime areas to
provide long time series of aerosol data.

Atmospheric concentrations of greenhouse gases and ozone-depleting
substances are monitored through an informal worldwide network of
in situ and flask-sampling sites. Long-term measurements, from which
global trends are inferred, include carbon dioxide, methane, nitrous
oxide, and halocarbons. Significant recent findings include the follow-
ing: (1) Measurements at globally distributed USGCRP observatories
have revealed a sharp increase in atmospheric concentrations of
HCFC-22, a major CFC substitute, demonstrating that these sub-
stances are beginning to accumulate in the atmosphere. A marked
inter-hemispheric gradient has also been observed. These data not
only provide an important check on the human use and atmospheric
fate of this compound as called for by the Montreal Protocol, but also
yield new information on transport between the two hemispheres; (2)
Thousands of globally distributed measurements have shown that the
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rate of increase of atmospheric methane slowed down substantially
during the last decade, suggestive, but not conclusive of, changes in
human emissions; and (3) Observations in 1993 confirm a significant
reduction in the rate of increase in the atmospheric carbon dioxide
concentration. Annual increases in the mean concentration of CO,
were smaller in the years 1991 and 1992 than in any other year since
continuous monitoring was begun in 1957. By 1993, the annual rate
was about 25% of what it had been over the past decade. While CO,
accumulation varies from year-to-year, the magnitude and persistence
of this reduction are unprecedented in the modern record, and is
thought to be due to increased carbon storage in the terrestrial bios-
phere. Whether these changes will persist is an important, unan-
swered question.

The USGCRP participates with other nations in a worldwide network
of Dobson spectrometers that monitor atmospheric ozone concentra-
tions. Ozonesondes are also used to determine the vertical distribu-
tion of ozone in the atmosphere. In addition, strong support is provid-
ed for development and deployment of the Network for the Detection
of Stratospheric Change (NDSC) of the World Climate Research
Programme (WCRP). This network is designed for observing and
understanding the physical and chemical state of the stratosphere, with
special emphasis on the depletion of stratospheric ozone.

Ocean-Climate Parameters

Movement toward the Global Climate Observing System (GCOS) will
continue to be fostered in FY 1995. One USGCRP contribution to
this international activity involves a program of long-term ocean obser-
vations, with an emphasis on in situ measurements of key ocean-cli-
mate parameters. The ocean module will be provided by the evolving
Global Ocean Observing System (GOOS). InFY 1995, planned
GCOS activities include making the current TOGA Observing System
a permanent element of a long-term global observing program in sup-
port of routine predictions of ENSO events and their seasonal to inter-
annual climate implications. Reconstruction of the long-term climate
record will continue with the assembly of major data records, includ-
ing precipitation and surface and subsurface ocean parameters. In addi-
tion to providing needed data sets for climate application studies, activ-
ities to provide correlative in situ data such as surface radiation,
aerosol, and precipitation measurements will also continue as a step
toward better understanding factors inducing change.
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UV Radiation

Significant increases in ultraviolet (UV) radiation have been observed
in conjunction with periods of intense ozone depletion. The ozone
hole over Antarctica, which in 1993 produced the lowest values of
ozone ever recorded on Earth, also allowed record levels of UV light
to reach Antarctica. At one Antarctic monitoring site, UV-B, the
part of the spectrum most harmful to life, has been recorded at levels
44 percent higher than in 1992. Investigations are now underway on
the impact that the increased UV might have on life on and around
Antarctica, and on whether animals and plants may have mechanisms
to avoid harm from increased UV. Studies have already estimated that
UV damage has reduced the productivity of ocean phytoplankton—
tiny plants that comprise the base of the food chain—by 6% to 12%
in areas affected by the ozone hole.

Substantial progress was made during FY 1993 in establishing a U.S.
Interagency Ultraviolet (UV) Monitoring Network. Several Federal
agencies are either currently operating or are developing UV moni-
toring networks. Because each of the individual agencies have differ-
ent research and operational needs for UV data (e.g., concerns with
effects on agriculture, on human health, and on fish and wildlife),
each of these networks are using different types of instruments that
best address their respective needs. The USGCRP’s UV Panel is cur-
rently developing a UV monitoring plan to ensure that data collected
by the individual agency networks are intercalibrated, interoperable,
and easily available to the UV-data user community. A network cali-
bration facility is being established in Boulder, Colorado to serve as
the network’s technical center. The UV Panel is also consulting with
international organizations, including the World Meteorological
Organization, to ensure that the U.S. UV monitoring efforts are
coordinated with international programs. Version 1 of the UV moni-
toring plan is scheduled for completion in Spring 1994.

MANAGING GLOBAL CHANGE DATA AND
INFORMATION

Global change research activities generate and require massive
amounts of highly diverse data and information to document change,
to improve understanding of global change processes, and to carry
out integrated assessments of impacts on human affairs. Because
global change issues are so broad, including human and natural forc-
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Recent Accomplishments in
Global Change Data and Information
Management

@ The Global Change Research and Information Office (GCRIO) was
established to provide data and information worldwide on global
change research, especially within the USGCRP, and on methods and

technologies for mitigation of and adaptation to global change.

@ Ozone data from the Meteor-3 TOMS mission has been made available
free through the Internet network to the scientific community and to
the general public within 2—3 days of acquisition from the satellite.
Hundreds of requests for these data are received every month from all
over the world.

@ Long-term, retrospective, global data sets, which include marine
meteorological observations, upper air data, aerosol and ozone data,
and baseline data on atmospheric trace constituents, have been devel-
oped and are being used by researchers worldwide. Data sources
include satellites, pilot balloons, aircraft, and surface observations.

ing factors, ecological change, biodiversity, human interactions, and
comprehensive assessments, the data and information management
challenge is not only to archive, preserve, and make data available for
individual research activities, but also to be able to combine data
from various disciplines and disparate sources. This capability to
combine data and information into synthesized products will be a
major factor in the ability of investigators worldwide to understand,
predict, and analyze the multitude of issues related to the policy
aspects of the program.

A major focus for data and information management efforts within
the USGCRP is the development of the Global Change Data and
Information System (GCDIS). The development of GCDIS is being
coordinated with related activities within the U.S. Government,
including those of the Federal Geographic Data Committee and the
emerging National Information Infrastructure, in particular with the
Government Information Locator Service.

GCDIS will provide the infrastructure of the global change dataand
information management program. The U.S. Global Change Data

and Information System Implementation Plan has been reviewed by
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the Committee on Geophysical and Environmental Data of the
National Academy of Sciences and will be published in the spring of
1994. The GCDIS is a priority-driven system composed of individual
agency systems made interoperable by the use of common standards
and approaches, technology sharing, and data policy coordination.
The GCDIS functions include setting priorities for individual data and
information sets, identifying and/ or developing those sets, and incor-
porating them and the necessary related services into GCDIS.

The Earth Observing System Data and Information System (EOSDIS),
a component of GCDIS, is being built in an evolutionary manner, with
new versions coming online to support launch of EOS platforms and
to include technological innovations. EOSDIS Version 0, to be
released in July 1994, will provide ‘one-stop shopping’ for data sets in
the distributed data centers of EOSDIS, called Distributed Active
Archive Centers (DAACs) (see Figure on following page). EOSDIS
Version 1, scheduled for 1996, will provide faster, better user services
and will include links to existing non-EOS data sets. In the pre-EOS
timeframe, EOSDIS will provide access to Pathfinder data sets, which
are existing long-term satellite data sets used to generate consistent
geophysical records.

Examples of other specific programs that contribute to GCDIS
include the Geosystems Databases program, an effort to expand data-
bases in the areas of documentation, networking, mass storage tech-
nology, and data intercomparisons. The Land Characterization and
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Data Management program will provide information about and access
to global land data sets including vegetation index data derived from
AVHRR data, Landsat Multi-Spectral Scanner/ Thematic Mapper
(MSS/TM) data, and global cartographic and vegetation data. In addi-
tion, post—1978 Landsat MSS and TM data will continue to be con-
vert.ed to stable storage media.

GCDIS will also include a number of long-term, retrospective data
sets that are critical for evaluating climate variability and for use in
detecting changes in the global climate. These data setsinclude his-
torical global marine meteorological observations, global upper air
data, global and regional variations of temperature and precipitation,
global oceanographic data, global baseline data on atmospheric trace
constituents, and global aerosol and ozone data sets. Major progress
has also been made in the reprocessing of satellite data to provide the
scientific community access to a longer and more consistent record of
satellite measurements.

The Global Change agencies are developing new techniques for pro-
ducing needed data sets. For example, a pilot project, completed in
early FY 1994, demonstrated the value of reassimilating available data
to provide retrospective records. The pilot project reanalyzed atmos-
pheric observations taken from May 1982 through September 1983.
The sources of data included satellites, pilot balloons, aircraft, and
surface observations. Follow-on projects will reanalyze data from the
1950’ to the present.

The first version GCDIS will be available in April 1994, accompanied
by two interagency pilot projects:

* A GCDIS pilot project has been initiated to address user needs for
carbon dioxide related data, images, and research publications.
This pilot project will test most of the functional components of
GCDIS. Specialized search capabilities will be developed for three
classes of users: researchers, policy makers, and K-12 educators.

* A pilot project will be initiated in cooperation with a networked
state library system to provide GCDIS access to local libraries,
universities, community colleges, and secondary schools.

Efforts are underway to enhance the access of researchers and policy
makers to socioeconomic and demographic data and information.
New software programs are being developed that enable researchers
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to extract relevant information and conduct exploratory data analysis
from the U.S. Census and its Public Use Microdata Samples (PUMS),
which contain detailed socio-economic information based on 1% and
5% samples of the U.S. population. New databases are being devel-
oped that combine both physical and biological science data with socio-
economic data. For example, worldwide data on income levels and
product accounting now are linked with data on resources and soils.
One valuable outcome of this new database is the ability to display agri-
cultural land-use changes that are likely to result from changes in cli-
matic conditions. Enhanced data and information products will con-
tribute greatly to increasing understanding of global change.

UNDERSTANDING GLOBAL CHANGE

Advances in the worldwide understanding of global change come
through analysis of data and results from existing data sets and studies of
past changes in the global system, from current observing systems,
from short- and long-term field experiments, and from simulations
involving mathematical models. Process research focuses on funda-
mental processes and mechanisms that control the physical, chemical,
biological, societal influences, and geological processes that govern
Earth system behavior, including effects of global changes on natural
systems and human activities. Improvements in the understanding of
this wide range of processes are essential for improving the predictive
models being developed to aid national and international policy makers
in deciding which options to pursue in adapting to and mitigating
impending changes. -

Research within the USGCRP includes studies of the atmosphere, the
ocean, the cyrosphere (snow, ice, glaciers, etc.), the lithosphere (land
surface), and marine and terrestrial ecosystems. The domains and
processes include a wide range of scales in time and space significant to
understanding the Earth system.

In recognition of the importance of improving understanding of climate
change and greenhouse warming, ozone depletion and UV radiation,
and the large variations of the seasonal climate, modest augmentations
of selected process research programs are proposed for FY 1995. These
increases will enhance research on terrestrial ecology and on cloud and
radiative transfer processes, and will continue to support research on
global water cycles, atmospheric chemistry, and ocean ecology.
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Recent Accomplishments
in Global Change Process Research

@ Experimental research on the uptake of carbon by mid-latitude forests
suggests that these forests may be a greater sink for carbon than previously
thought.

@ The residence time of methane in the atmosphere has been found to be
signiticantly larger than previous estimates. Recognition of the role of
methane as an important greenhouse gas has been increased.

@ Research on the radiative effects of sulfate particles, formed in the
lower atmosphere trom emissions of sulfur dioxide, could be at least
temporarily counterbalancing warming due to increasing concentrations
of greenhouse gases.

@ Studies on past climate from ice core data continue to indicate that abrupt
climatic shifts occurred frequently in these regions over time scales on the
order of decades or less over the last few million years.

Climate and Hydrologic Systems

Research on climate and hydrologic systems has been one of the top
priority science elements of the USGCRP over the last several
years. This element includes research on processes that regulate the
global energy and water cycles, including atmospheric radiation,
clouds and precipitation, solar forcing, sea ice and sea level, the
roles of the oceans and land-surface properties.

Clouds and Radiation

The first field site for the Atmospheric Radiation Measurement
(ARM) Program, established in the area surrounding Lamont,
Oklahoma, has started to provide detailed data for improving
understanding of cloud and solar and infrared radiation processes in
mid-latitude continental regions. This research is providing an
intensive data set on cloud-radiation interactions, and will eventual-
ly lead to improved global atmospheric models for climate system
research and prediction. The types of data being acquired include
surface meteorological and radiation data, vertical profiles of the
atmospheric parameters important to the atmospheric radiation
balance, periodic aircraft-derived data on clouds and radiation, and
satellite data from other programs that document the top of the
atmosphere radiative fluxes.
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The airborne platforms were NASA's ER-2, Aeromet’s

Learjet, the NOAA P-3, and the NCAR Electra. The surface plaiforms include the RV
Vickers, TOGA moorings (buoys), and upper-air sfations on islands. Space-borne
platforms are Sun-synchronous polar orbiters (NOAA-10 and DMSP) and
geosynchronous monitoring satellites (GMS). Instruments on these platforms
measure radiation fluxes, cirrus radiative and microphysical properties, vertical
water-vapor distribution, evaporation from the sea surface, and precipitation.
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Development of instrumentation for the ARM Program is extending
the state-of-the-art in atmospheric remote sensing. The Multifilter
Rotating Shadowband Radiometer, which represents one of the latest
advances in surface-based radiometry, has been operating now for
two years. In 1993, the newly developed Atmospheric Emitted
Radiance Interferometer (AERI) Spectrometer was successfully
deployed for testing. The measurements will be used to validate
models simulating radiation fluxes and the profiles of water and other
key atmospheric properties and constituents. Additional state-of-
the-art instruments, including cloud- and aerosol-sensing lidar
instruments and cloud particle radar systems, are now being devel-
oped for the ARM Program.

A mission using an Unmanned Aerospace Vehicle is planned in1995
to measure solar and infrared radiation at the top of the troposphere
through several diurnal cycles. Through the Strategic Environmental
Research and Development Program (SERDP), measurements using
the top-of-the-troposphere platform will be coordinated with
ground-based instrument data from the ARM site.

The four-month field phase of the TOGA Coupled Ocean
Atmosphere Response Experiment (TOGA COARE) was success-
fully completed in February 1993. The unprecedented effort
involved hundreds of scientists, students, and technicians from 20
nations to measure moisture, momentum, and heat fluxes between
the ocean and atmosphere in the western Pacific Ocean warm pool.
The resulting data set is being used to improve the understanding and
modeling of the energy exchange between the ocean and the atmos-
phere. Variations in the extent and duration of the intense exchange
of energy between the warm pool and the overlying atmosphere
appear to induce climate variations over the entire Pacific basin and

beyond ]

The Central Equatorial Pacific Experiment (CEPEX) was conducted
in March and April of 1993 to examine the validity of a hypothesized
thermostat effect which may limit greenhouse warming. Deep inten-
sive convection is observed to occur when tropical sea surface tem-
peratures (SSTs) exceed about 27 C. This convection produces cir-
rus (ice particle clouds) anvils that spread out over millions of square
kilometers. It is hypothesized that while cirrus clouds trap outgoing
infrared radiation, they also reduce incoming solar radiation, the net
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effect being to stabilize SSTs, thereby acting in effect as a thermostat.
CEPEX results will be available by the Spring of 1994.

Water and Energy Balance

Several projects which are part of the Global Energy and Water
Experiment (GEWEX), of the WCRP, are contributing to the under-
standing of the diurnal and seasonal aspects of the water and energy
balance. These studies are assessing the accuracy and resolution to
which the components of the energy and water balances can be
determined from in situ measurements, remote sensing retrievals,
and the use of regional mesoscale climate models. As partofa series
of regional studies taking place around the world, the GEWEX
Continental-scale International Project (GCIP) is examining the
energy budget and hydrological cycle of the Mississippi River water-
shed, which includes 44% of the land area of the continental U.S. and
drains all or portions of 30 states. Other GEWEX projects include
land-surface and cloud climatology studies using data from geosta-
tionary and polar-orbiting international satellites.

Sea Level

Melting of the Greenland and Antarctic ice sheets would raise sea
level by some 70 meters, and yet it is still not known whether, as a
whole, these ice sheets are currently growing larger or smaller.
Comparison of Geosat and Seasat data suggest that parts of the south-
ern Greenland ice sheet thickened by about 1.3 meters between
1978 and 1987, an average of 15 cm/ year. Comparison of the air-
craft laser data with surface measurements made in 1980 provides
support for this result — this comparison suggests that the ice thick-
ened by up to two meters between 1980 and 1993. Increases in the
volume of the ice sheet could lead to a decrease in sea level; however,
in the case of the Greenland ice sheet, the measured increases in
thickness may be offset by ice sheet deterioration in marginal areas.

Airborne laser altimeters are being used to survey the Greenland ice
sheet. Advances have been made in these airborne surveys so that
they can now measure surface elevations on grounded ice sheets to an
accuracy of tens of centimeters. Additionally, development of tech-
niques for mapping ice sheets and measuring ice-stream motion from
Landsat and SAR data has allowed compilation of the first SAR map
of Greenland, which reveals a hitherto unknown ice stream some 50
km wide and 300 km long. These, and other achievements, will con-
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tribute towards development of a capability to monitor the mass bal-
ance of the polar ice sheets, and to understand what is causing
observed thickening or thinning, In turn, this will lead to an
improved ability to predict ice-sheet response to prescribed climate
changes, and thus to estimate future changes in sea level.

Seasonal to Interannual Variability

The TOGA program, to conclude in 1994, has greatly enhanced
understanding of the causes of seasonal to interannual fluctuations in
the tropical Pacific. Analysis of results from the TOGA/COARE
intensive observation period, coupled with model studies, are provid-
ing the basis for improving predictive capabilities. To extend the pre-
dictability of seasonal to interannual fluctuations beyond the tropical
Pacific, the Global Ocean-Atmosphere-Land System (GOALS) pro-
gram is being developed, which will contribute to the WCRP Cimate
Variability and Predictability Programme (CLIVAR). GOALS is
intended to build upon the successes of ENSO research by extending
predictability of seasonal to interannual fluctuations beyond the tropi-
cal Pacific to include the effects of the other tropical upper oceans,
higher latitude upper oceans, and land surface processes. This pro-
gram represents a focused U.S. effort to develop and improve models
for forecasting seasonal to interannual precipitation anomalies like
those in the Midwest last summer, seasons to years in advance.

World Ocean Circulation

Long term (decadal) changes in the ocean are being investigated
through the World Ocean Circulation Experiment (WOCE) and the
Atlantic Climate Change Program (ACCP). While it is known that the
ocean and atmosphere interact strongly, the feedback mechanisms cou-
pling them are inadequately understood. For example, it is believed
that the ocean can act both as a heat sink and as a trap for atmospheric
greenhouse gases, thereby slowing the rate of global warming.

WOCE is designed to provide the data needed to improve and test the
availability of models to predict long-term behavior of the ocean.
ACCP, which contributes to the WCRP CLIVAR program, is focused
on the particular relationship between the global climate and the
Atlantic Ocean, the basin which has apparently been the most variable.

Improved understanding of the thermodynamics of the oceans is cen-

tral to developing global models that predict the effects of global
change on the Earth system as a whole. Evidence suggests that there
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has been a 35—year warming trend in the subtropical North Atlantic
Ocean temperatures down to 2500 meters. There are also new esti-
mates of vertical mixing in the ocean, and of heat transport across mid-
latitudes in the South Pacific and South Atlantic, suggesting an imbal-
ance between the Northern and Southern Hemispheres that may be
compensated by changes in the Atlantic “conveyor belt” deep circula-
tion. Changes in large-scale ocean circulation could be the cause of
regional shifts in climate patterns.-

Atmospheric Chemistry and Biogeochemical
Dynamics

Quantitative understanding of the sources and sinks of atmospheric
trace gases and aerosols and of the interactions which contribute to
changes in biogeochemical processes are crucial for making reliable
predictions of future concentrations of atmospheric greenhouse gases.

Carbon Dioxide

The annual increase in atmospheric concentrations of carbon dioxide is
the difference between the emissions of CO, from combustion of fossil
fuels and biomass and uptake by oceans and the biosphere. It is
believed that enhanced sinks for carbon are responsible for the recent
slowdown in the CO, increase in the atmosphere, but the exact cause
remains unexplained.

Recent evidence suggests that in the short term, at least, the land sink
may be larger than previously thought. Anomalies in surface tempera-
ture and precipitation may have allowed terrestrial ecosystems to accu-
mulate more carbon in the period 1991 to 1993 than normally would
have been the case. The cause of the anomaly is unclear, but the timing
is coincident with the eruption of Mt. Pinatubo. One hypothesis is
that lower temperatures at the Earth’s surface temporarily reduced
rates of respiration and thereby enhanced net carbon uptake.

Because few measurements of the carbon concentration in coastal
oceans have been made, there is only limited understanding of the role
of continental shelves in the exchange of carbon dioxide between the
coastal shelf and the atmosphere above it, even though half of ocean
photosynthesis is estimated to occur on continental shelves.

A field research program is underway near Cape Hatteras, North
Carolina that will provide important information for quantifying the

56



processes which affect the cycling, flux, and storage of carbon and
other biogenic elements at the land/ ocean interface and for defining
ocean-margin sources. Preliminary data on the CO, gradient indi-
cate that continental shelves such as the one near Cape Hatteras could
be a relatively large sink for atmospheric carbon dioxide during cer-
tain times of the year.

To further refine estimates of the ocean sink, the Global Survey of
CO, in the Oceans (JGOFS) has now nearly completed its work in
the Atlantic and Pacific Oceans, and is beginning work in the Indian
Ocean. The Survey is being undertaken in conjunction with cruises
of the World Ocean Circulation Experiment (WOCE). The goal of
the survey is to obtain a high accuracy “snapshot” of the distribution
of carbon dioxide within the world’s oceans. An extensive data
quality control program established at the start of the Survey includ-
ed the provision of certified reference materials and certified analyti-
cal equipment. This has resulted in a data set of unprecedented
accuracy.

The WOCE—CO, survey data set will be used to calculate the
exchange of CO, between the ocean and the atmosphere. Together
with models of the atmospheric transport of CO,, and with an
improved understanding of the CO, fertilization effect, these calcula-
tions will allow the locations and magnitudes of net sources or sinks
of CO, to be inferred on a planetary scale. The data set will also per-
mit improved estimation of the uptake of fossil fuel CO, by the
oceans, both through modeling and through correlation with the dis-
tribution of other man-made compounds within the ocean.

Ozone

Ozone measurements suggest that tropospheric ozone derived from
anthropogenic pollution may exceed that derived from natural
sources over the North Atlantic. Long-range transport of conti-
nentally-derived precursors is estimated to account for as much
ozone on a hemispheric scale as do natural processes. Because
upper tropospheric ozone is an extremely potent greenhouse gas,
national and international policy makers will need to consider global
warming in the context of regional pollution abatement. These
results were part of the IGBP International Global Atmospheric
Chemistry (IGAC) Program to study the chemistry of the global
atmosphere.
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What Controls the CO, Concentration?

The atmosphere’s carbon dioxide (CO,) concentration has risen about
30% since preindustrial times, enhancing the natural greenhouse effect.
The prediction of future climate change requires quantitative understanding
ofthe sources and sinks of CO, (and other greenhouse gases), and their
contributing natural and human influences. There is a natural cycling of
carbon in the environment, causing a large exchange of carbon among
the atmosphere, the land vegetation and soils, and the oceans and marine
biosphere. Evidence from ice core data suggests that this natural cycle has
been roughly in balance, with only minor variation, since about 10,000
years ago.

Over the past two centuries, the CO, concentration has risen from preindus-
trial levels at an increasing rate. Although the anthropogenic emissions are
only about 5% as large as the natural fluxes, the rising concentration indi-
cates that emissions from land use change (e.g., deforestation, biomass
burning, agricultural expansion) and from fossil fuel combustion (i.e., use
of coal, oil, and natural gas) have become increasingly larger than can be
accommodated by natural removal processes. Projections of these trends
unabated suggest that the atmospheric CO, concentration may reach dou-
ble its preindustrial value by the middle of the next century, leading ulti-
mately to an average global temperature increase of 1.5°C to 4.5°C.

Over the past few years, quite by surprise, the rise in CO, concentration
has slowed significantly, indicating either that the sources have decreased
or the sinks have increased, or both. While there has been a world wide
recession, inventories indicate that emissions of CO, from fossil fuel use
have not decreased nearly enough to account for this. Biomass burning
may also be somewhat reduced, but does persist. The reduction in the
increase of the CO, concentration could be due to changes in the natural
cycle; however, measurements of fluxes info and out of the ocean suggest
that the ocean is not taking up the additional CO, , and recent ENSO (EI
Nino-Southern Oscillation) events appear to be correlated with small
increases in atmospheric CO,. Other research has shown that interannual
fluctuations in climate can modify carbon uptake and release by respira-
tion. Recent studies also suggest that mid-latitude forests may be taking up
more carbon than previously estimated. Future research within the USGCRP
fo belter understand the global carbon cycle is vital to understanding and
predicting climate change, and assessing potential response options.




New areas of emphasis in ozone research include understanding the
role of biomass burning and stratospheric inclusions in determining
the high ozone concentrations seen over the South Atlantic. Field
campaigns are underway in the tropics and at high northern lati-
tudes designed to study boundary layer fluxes of ozone and
exchanges with the free troposphere. Specific process research is
being conducted on chemical mechanisms for ozone
formation/destruction (sensitivity /uncertainty evaluation of
known kinetics parameterizations and determination of unknown
mechanisms); and on evaluations of the joint action of transport
and chemistry in determining the state of mid-latitude, lower
stratospheric ozone, through global models and other diagnostic
tools.

Perfluorinated Hydrocarbons

Laboratory measurements have demonstrated that perfluorinated
hydrocarbons (PFCs), which are greenhouse gases emitted as by-
products of industrial processes such as aluminum production and
proposed as CFC substitutes, persist in the atmosphere for thou-
sands of years. As a result, their emissions into the atmosphere are
essentially irreversible, and their contributions to global warming
are inadequately characterized by short-time global warming
potentials. Proper consideration of the environmental conse-
quences of PFC emissions, therefore, imposes upon the national
and international policy community a new requirement to grapple
with extremely long-term effects. Refined methods for calculat-
ing ozone depletion potentials are being developed using atmos-
pheric measurements rather than only model results.

Aerosols

Emissions into the atmosphere of aerosols, and gases that chemical-
ly react to form aerosols, can have direct effects both on the global
radiation balance and on global atmospheric chemistry. Research
on the physical and chemical characteristics of tropospheric
aerosols is underway to determine whether changes in aerosol (and
aerosol precursor) emissions may be, at least temporarily, hiding
the warming effect of greenhouse gases. Research on the radiative
effects of sulfate particles formed in the lower troposphere, mainly
as a result of emissions from coal combustion, is important to
understanding whether they may be, in the near term, counterbal-
ancing the enhanced greenhouse effect of carbon dioxide. For
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aerosols emitted by biomass burning, the sign of their climatic effect
is less certain, being dependent on the amount of black carbon in the
aerosol. The absence of measurements confirming the predicted
increase in land surface temperatures in the Northern Hemisphere
appears to be most related to recent increases in the frequency of
cloud cover. Recent studies suggest that the hemispheric asymmetry
in this century’s warming may be due, at least in part, to the anthro-
pogenic aerosol emissions being largely in the Northern Hemisphere.

Methane

Atmospheric methane concentrations have been increasing at a
reduced rate. The residence time of methane in the atmosphere has
been found to be 25% longer than previously thought, however.
Research is ongoing to quantify human-induced methane emissions
from landfills, coal mines, natural gas systems, rice paddies, and bio-
mass burning as well as natural emissions of methane from wetlands
and other sources. The results of this research will provide baseline
data to help understand the causes of the increasing concentrations of
atmospheric methane and for identifying strategies for reducing
emissions from various sources.

Ecological Systems and Dynamics

Regional measurements of CO, uptake by forest vegetation suggest
the net uptake of carbon worldwide could account for the estimated
“missing” carbon in the global carbon budget. Based on almost two
years of continuous measurements of CO, exchange between the
atmosphere and the vegetation and soils of Harvard Forest in eastern
Massachusetts, the net annual uptake of carbon by the forest ecosys-
tem was estimated to be as large as 4 tons per hectare. Confirmation
of these results with other natural vegetation studies would support
the use of forest management (including reforestation) as an interim
mitigation strategy that is an environmentally attractive way of help-
ing to reduce the buildup of atmospheric CO,. Uncertainties regard-
ing the rate of deforestation, conversion of land to agricultural use,
population growth, and land management practices make it difficult
to estimate the extent to which forests can conserve or sequester
large quantities of carbon on a global basis.

Five Boreal Ecosystem-Atmosphere Study (BOREAS) tield campaigns
will be conducted throughout 1994, starting with a winter campaign
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in February and ending with a September end-of-growing-season
campaign. BOREAS is an international, multidisciplinary study to
improve understanding of the exchange of gases, energy and water
between the boreal forest biome and the atmosphere in order to
clarify their roles in global change. It is sponsored jointly by agencies
within the U.S. and Canadian Global Change Research Programs.
Airborne and spaceborne remote sensing will be used to extend
understanding of these processes from the local to regional scales.

Recent research has documented that the uptake of carbon by soils is
a dynamic process that varies in relationship to soil age and type.
Understanding the role of soils in the carbon cycle is critical to
understanding how human activities, including agricultural and
forestry practices, influence the fluxes of carbon from terrestrial
ecosystems. Remotely sensed surface temperature over a 300 km-
by-300 km region in western Montana has shown that the ratio of
surface temperature to a normalized difference vegetation index can
distinguish wet and dry conditions in a forest. This ratio may have
applications in climate models, research on decomposition, and
monitoring of fire conditions.

USGCRP Terrestrial Ecology Initiative

The USGCRP proposes to augment ecological research through a
Terrestrial Ecological (TECO) initiative in FY 1995. The initiative
will focus on the effects of global change (e.g., climate) on ecosys-
tems, and the feedback effects of ecological processes on atmospher-
ic composition (e.g., greenhouse gas concentrations) and climate. Its
scope includes research on how ecological processes are affected by
altered atmospheric CO, and other trace gases, by altered climate
conditions, and by changing land-use patterns — all in relation to
constraints of other resources (e.g., nutrients, water, light, etc.).
This initiative also includes research on how ecological systems affect
the exchange of CO, and other trace gases with the atmosphere and
ultimately determine terrestrial sources and sinks of carbon.

Implementation of the TECO initiative would include:

* Experiments that determine ecosystem responses to combined
effects from global forcings of elevated CO,, temperature, water,
and nutrients;

* Field studies designed to provide a predictive understanding of
the combined effects of global forcing (e.g., climate change) and
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landscape-scale processes on the future structure and distribution
of ecosystems; and

* Research to determine the potential effects of global forcing on
the biodiversity (e.g., species diversity, genetic diversity, habitat
diversity) of managed and unmanaged ecosystems, and in turn,
what the resulting effects of biodiversity changes on ecosystem
function will be.

Human Interactions

Human activities can greatly influence global change as well as be sig-
nificantly influenced by global change. Changes in land use can be a
major driving force of environmental change. Conversion of natural
forests into croplands and human settlements, overgrazing of grass-
lands, intensive planting and fertilization of agricultural lands, and
the world wide increase in population density can have significant
impacts on the global carbon budget and fluxes of greenhouse gases.
While the use of Landsat and other satellite data have been instru-
mental in monitoring land-cover change in many regions of the
world, this type of observation does not provide detailed information
about specific land management practices. The international Human
Dimensions Programme plans to address questions regarding: (1)
How has land cover been changed by human use over the last 300
years? (2) What are the major human causes of land-use change in
different geographical and historical contexts? (3) How might these
land-use changes affect land cover in the next 50 years? and (4) How
might changes in climate and global biogeochemistry affect both land
use and land cover?

The Consortium for International Earth Science Information
Network (CIESIN) is supported by USGCRP agencies to assist in
compiling global-scale time series and baseline data and information
on the human component in global environmental change, to develop
an advanced network for data access, to conduct research and analysis
focusing on socioeconomic data, and to provide services through the
Socioeconomic Data and Applications Center (SEDAC) Network to
disseminate data. CIESIN has been working to develop informal
international partnerships and an operational framework that allows
user communities to share data and information electronically among
international data archives and resource centers.
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Earth System History

By reconstructing worldwide snapshots of past climates, scientists can
test how effective climate models are in simulating past conditions
and thereby improve the ability to model and predict the impacts of
future changes in global climate. Evidence from ice cores, bogs, lake
and ocean sediments, and glacial moraines document that the climate
may have changed frequently and abruptly over the last few million
years. Additionally, data from time series reveal previously unknown
process relationships that help establish the rate of change within the
climate system.

USGCRP agencies established the National Ice Core Laboratory at the
Federal Center in Denver, Colorado. This is a facility for storing and
studying ice cores recovered from the polar regions of the world.

Polar ice is an excellent recorder of climate history, and provides the
only known continuous, direct recorder of paleoatmospheric compo-
sition. Recent results from the analysis of Greenland ice cores have
revealed that rapid changes in climate may have occurred over time
periods less than a decade, and that these changes are probably associ-
ated with “switching” between stable ocean modes, a “switch” that
may have been triggered by sea-ice conditions.

Research is underway on marine and terrestrial climates and climate
variability for a time interval during the Pliocene, about three million
years ago, when the Earth was substantially warmer than it is today.
This research is establishing a global data set for use in modeling
experiments. The analyses indicate that a significant portion of high-
latitude temperature changes during past climate changes are related
to changes in oceanic heat transport.

Solid Earth Processes

Solid Earth research is directed toward understanding shorter time
scale geological processes, such as hydrothermal circulation, which
accounts for most of the heat loss from the interior of the Earth
through the mid-ocean ridge system. Hydrothermal venting at mid-
ocean ridges produces a wide variety of important effects in overlying
water columns, including formation of turbulent, buoyant plumes,
the introduction of chemicals and biota, and the moditication of deep
ocean circulation and mixing patterms.
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(lﬂﬁ) Calcium record over 100,000 years measures
3 atmospheric dust and documents frequent, abrupt
changes in climate, especially during the glacial period.

(Right) The period known as the Younger Dryas
(approximately 11.5 to 13 thousand years ago) repre-
sents a return to near glacial conditions, being about
7°C cooler and about half as much ice accumulation
(precipitation) as during the subsequent period.

Volcanic eruptions can contribute large quantities of gases and
aerosols to the Earth’s atmosphere and have been linked to past cli-
mate change. The USGCRP Global Volcanism Program maintains:

a database of the world’s volcanoes and their known eruptions of the
last 10,000 years; an archive of maps, photographs, and other histori-
cal documentation of the world’s volcanoes; and a Global Volcanism
Network, a network tracking and reporting current volcanic activity
around the world.

Investigations of surface deposits show that sand dunes and sand
sheets occur extensively on the semi-arid Great Plains. These wind
generated deposits are now stable because of the presence of a sparse
vegetation cover. Use of a dune mobility index, which incorporates
wind strength and aridity factors, shows that increased temperature
and reduced precipitation could mobilize the sand deposits through-
out a significant area of the U.S. Great Plains.
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Volcanic eruptions can emit large quantities
of gases and aerosols to the atmosphere.
Although emissions from the M. Saint Helens
eruption (shown here) did not reach the
stratosphere, they did cause air quality prob-
lems downwind and large quantities of ash
were deposited over a wide region.

Research using geodetic observations has demonstrated a correlation
between variations in atmospheric and oceanic circulation and varia-
tions in Earth dynamics. Systematic variations in Earth’s angular
momentum have been observed and correspond well with El Nifio
and La Nina events.

Solar Influences

Recent research conducted through the Solar Influences Program
(SIP) suggests that the mesosphere and lower thermosphere are
exceedingly sensitive to changes in greenhouse gas concentrations in
the lower atmosphere — small variations in the greenhouse gas con-
centrations are predicted to cause large changes in the temperature of
these tenuous high-altitude atmospheric regions. Unlike the lower
atmosphere which is expected to warm by a few degrees Celsius, a
doubling of greenhouse gas concentrations could cool the mesosphere
and lower thermosphere by between 10 to 50 °C. The increase in
the occurrence of arctic noctilucent clouds in the mesosphere over
the last 20 years indicates that such a cooling is already taking place.
The influence of solar variability on global surface temperature
changes may have been significantly underestimated.
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PREDICTING GLOBAL CHANGE

Models of the Earth system will provide the only rigorous means for
developing quantitative projections of the interactions of atmospheric
composition, climate, sea level, terrestrial and marine ecosystems,
agriculture, water resources, and the effects of human activities.
Modelsand related analysis activities provide the predictive link
between the physical Earth system and the human dimensions of
global change, including economics, social structure and evolution,
and resource use an