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oreword

reparing for an Uncertain Climateis OTA’s second report on climate change. In

1991, we published Changing by Degrees: Steps to Reduce Greenhouse Gases,

which focused on ways to reduce the buildup of greenhouse gases in the

atmosphere. Slowing the rate of growth in these emissions continues to be very
important, but most analyses conclude that despite international efforts, the Earth is likely
to warm several degrees over the next century.

Climate change poses many potential problems for human and natural systems, and
the long-term effects of climate change on these systems are becoming increasingly
important in public policy, For example, international agreements were recently signed on
both climate change and biodiversity. Recognizing the potential problems, Congress asked
OTA to examine how the Nation can best prepare for an uncertain future climate. This
assessment tackles the difficult tasks of assessing how natural and human systems may be
affected by climate change and of evaluating the tools at our disposal to ease adaptation to
awarmer climate. Volume 1 addresses coastal areas, water resources, and agriculture;
volume 2 includes wetlands, preserved lands, and forests.

OTA identifies more than 100 options in the full report that could help ease the
transition to an uncertain climate. We categorized a subset of these options as *‘first steps. ’
Options that fall into this group are near-term concerns because they will take a long time
to complete, address *‘front-line” or urgent issues that need attention first in order to make
better decisions later, can be approached through efforts already under way, are beneficial
for reasons other than helping to prepare for climate change, or represent near-term ‘targets
of opportunity.**

The United States has put in place an ambitious Global Change Research Program to
‘*observe, understand, and ultimately predict global and regional climate change. ” This
effort, which has so far been based overwhelmingly in the physical sciences, is not geared
to help make natural resource planning and management decisions, to identify ecosystem-
level responses to climate change, or to readily provide policy guidance on mitigation or
adaptation. While scientists continue to reduce uncertainty, policy makers will continue to
reauthorize environmental legislation, manage natural resources, and develop energy
policy. Having mechanisms for integrating research and eva uating reasonable policy
routes while we are completing the science would be a valuable addition to the Federal
effort. This assessment could help guide these needed improvements.

Preparing for an Uncertain Climate was requested by three congressiona

committees: the Senate Committees on Environment and Public Works and on Commerce,
Science, and Transportation, and the House Committee on Science, Space, and Technology.
OTA appreciates the support this effort received from hundreds of contributors. Workshop
participants, reviewers, contractors, and informal advisors gave us invaluable support as we
attempted to sift through the voluminous material on this subject. OTA, however, remains
solely responsible for the contents of this report.
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idespread public attention to the question of whether

or not climate is changing intensified during the hot

summers of the late 1980s. Since then, during the

time the Office of Technology Assessment (OTA)
was conducting this assessment, the Nation has experienced
major drought in the western and southeastern United States,
powerful hurricanes in Florida and Hawaii, a destructive forest
fire in Northern California, and substantial flooding in the
Midwest. Although none of these events can be clearly linked to
climate change, they represent the types of extreme events that
may occur with greater frequency if climate warms.

Most scientists believe that the Earth’s climate is likely to
warm by several degrees during the next few decades. Although
our understanding of climate change has progressed a great deal
in the past few years, magor knowledge gaps remain, and
empirical evidence of human-induced climate change is not
unequivocal. Many factors important to understanding climate,
such as the role of clouds, ocean circulation, and solar cycles and
the interactions between living organisms and the environment,
cannot yet be reliably incorporated into general circulation
models (GCMS), science-based computer models used to predict
potential changes in average global surface temperature. Some
key information that could guide policy response is likely to
remain unknown for another decade or two (69). We cannot
predict rates or magnitudes of changes in local or regional
temperature and precipitation patterns. Predicting changes in the
variability of climate and weather patterns, particularly on small
spatial scales, is also beyond current scientific capabilities.
Existing ecological, socia, and economic models are similarly
limited and cannot adequately predict the responses to climate

Synthesis,
Summary
and
Policy
Options
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changes by natural systems (e.g., forests and
wetlands) or managed systems (e.g., water re-
source systems and agriculture). Therefore, most
policy decisions made in the near future about
how to respond to the specter of climate change
will be made in light of great uncertainty about
the nature and magnitude of potential effects.

Although climate change has certainly become
a public and scientific concern, what to do about
it isnot clear. Issues now being heatedly debated
are the technical feasibility and economic impli-
cations of reducing or offsetting emissions of
greenhouse gases. Several studies concluded that
cutting U.S. emissions of carbon dioxide (CQO,),
the most important anthropogenic greenhouse
gas, below current levels is plausible. OTA’s
1991 report, Changing by Degrees. Seps to
Reduce Greenhouse Gases, concluded that by
adopting a package of low-cost measures, the
United States could significantly slow the growth
of its CO,emissions over the next 25 years-but
could not easily decrease them to below current
levels (172). With aggressive-but potentially
expensive--initiatives, OTA found that the United
States might be able to decrease its CO,emissions
to 35 percent below today’ s levels by 2015. Even
in this case, U.S. emissions of CO,are expected
to rise again after 2015 unless there are successful
programs for developing aternatives to fossil-
energy supplies (such as solar and nuclear power)-
programs that would lead to substantial increases
in market penetration of one or more of these
energy alternatives by 2015.

Since the 1992 United Nations Conference on
Environment and Development (UNCED) in
Brazil, many countries have signed the Climate
Convention, seeking to freeze greenhouse gas
emissions at 1990 levels in the near future. On
Earth Day 1993, President Clinton announced
that the United States would participate in this
effort. The Climate Convention represents a
landmark agreement and recognition that global

environmental problems must be addressed on a
global scae.

Nonetheless, the bulk of scientific evidence
indicates that simply freezing greenhouse gas
emissions at 1990 levels will not stop global
warming. Stabilizing emissions is different from
stabilizing atmospheric concentrations. Constant
annual emissions will till increase the total
concentration of greenhouse gases and, thus, the
heat-trapping capacity of the atmosphere. The
Intergovernmental Panel on Climate Change
(IPCC), an international group representing more
than 50 countries, concluded that to stabilize the
concentrations of greenhouse gases in the atmos-
phere at today’ s levels would require up to an 80
percent reduction in world CO,emission levels
immediately, along with significant reductions
in other greenhouse gases. Even if such reduc-
tions could be achieved, the world would warm
about 1 to 4 OF (1 to 2 ‘C) because of long-lived
greenhouse gases emitted over the last century.
Given the virtual certainty that energy use (and
associated CO,emissions) in developing coun-
tries will rise as they pursue economic growth,
and given the intense debate in the United States
and other industrialized countries about the feasi-
bility of achieving even a freeze in emissions, it
seems certain that global atmospheric concentra-
tions of greenhouse gases will continue to rise.
Thus, unless the predictive GCMS are seri-
ously flawed, average global temperatures are
expected to increase several degrees over the
next century, even under the most optimistic
emissions scenarios (see box 2-B)."

If climate change is inevitable, then so is
adaptation to climate change. Society and nature
may have to cope with rising sea levels, more
frequent drought and periods of temperature
extremes, changes in water supplies, disruption of
ecosystems, and changes in many other climate-
sensitive natural resources (see ch. 2). The term
adaptation, as used here, means any adjustment to

L All chapters, boxes, figures, and tables cited here can be found in volumes 1 and 2 of this report. Volume 1 addresses coastal areas, water
resources, and agriculture; volume 2 includes wetlands, preserved lands, and forests.
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atered conditions; it can be a biological, techni-
cal, ingtitutional, regulatory, behavioral, or eco-
nomic response. It encompasses passive adjust-
ments (e.g., biologically driven changes in plant
communities or gradual changes in human behav-
ior and tastes), deliberate reactive responses
(management responses after climate change
effects are observed), and anticipatory actions,
(planning, engineering, or regulatory responses
taken in preparation for climate change). Through-
out this report, we examine the ability of natural-
resource-based systems, both unmanaged and
managed, to adapt to climate change and consider
means by which adaptation can be enhanced by
modifying management, advancing research and
technology, disseminating information, and tak-
ing legidlative actions.

Given the current inability to predict accurately
where, when, and how much change will occur,
decisionmakers must plan for natural and man-
aged systems in light of considerable uncertainty.
It is understandable, under these circumstances,
that postponing responses until more is known
about climate change is very appealing. Nonethe-
less, uncertainty does not mean that the Nation
cannot position itself better to cope with the broad
range of impacts possible under climate change or
protect itself against potentialy costly future
outcomes. In fact, delay in responding may
leave the Nation poorly prepared to dea with
the changes that do occur and may increase the
possibility of impacts that are irreversible or
otherwise very costly. Many options that will
increase the Nation's ability to cope with the
uncertainties of climate change will aso help in
dealing with existing threats to natural resource
systems, such as those related to climate extremes
(e.g., droughts, floods, and fire) and the fragmen-
tation of natural habitat.

The following sections of this chapter discuss
the OTA assessment, general problems posed by
climate change, criteria for choosing strategic
responses, near-term opportunities for Congres-
siona action, and summaries and frost steps for
the six resource systems studied in detail.

THE OTA ASSESSMENT

Three Committees of Congress asked OTA to
help them think about coping with potential
climate change. OTA was asked: How can the
United States set prudent policy, given that we do
not know for certain what the climate will be?
This assessment attempts to answer three key
questions:

= What is at risk over what time frames?
Which natural ecological systems and man-
aged natural resource systems are at risk
from climate change? How do the lead times
needed for human interventions in these
systemsvary?

a How can we best plan for an uncertain
climate? When and how should decision-
makers consider the uncertain effects of a
changing climate as they plan the future
management of natural and managed sys-
tems in the United States? What criteria
should be used?

n Will we have answers when we need
them? Does the current U.S. Global Change
Research Program (USGCRP) reflect the
short- and long-term needs of decision-
makers? Will it provide information about
rates of climate change, the potential for
“‘surprise’ effects on different systems,
potential strategies for making systems more
resilient in the face of uncertain climate
change, and adapting to the changes that may
occur?

Society depends on natural and managed sys-
tems for both basic needs and amenities. These
include, for example, food, shelter, clothing,
drinking, energy, and recreation. Many
social and economic problems arise when the
availability and diversity of goods and services
decline. Such disruptions can range fromd to
severe, and they include unemployment, famine,
migration of workers, and political instability.
Climate change heightens the uncertainty about
future availability of desired goods and services.
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In the West, center-pivot sprinklers irrigate wheat,
alfalfa, potatoes, and other crops. Increasingly
efficient irrigation techniques may be critical if
regional climates become drier.

Y et, given the potentially long delays until the
onset of significant changes, reacting to climate
change as it occurs may seem more practical than
undertaking anticipatory measures. Why adopt a
policy today to adapt to a climate change that may
not occur, for which there is significant uncer-
tainty about regional impacts, and for which
benefits of the anticipatory measure may not be
seen for decades? Effort put into adopting the

measure could well be wasted. Furthermore,
future generations may have more sophisticated
technologies and greater wealth that can be used
for adaptation (91).

The Committee on Science, Engineering, and
Public Policy (COSEPUP) (27)*concluded that it
is theoretically possible to put technology and
practices into place to adjust to the changing
climate as it happens if the change is gradual
enough. However, the rate of climate change is,
admittedly, unknown. FCC concluded: “it is
uncertain whether these changes-should they
come--would be gradua or sudden” (68). Fur-
thermore, “our imperfect understanding of cli-
mate processes . . . could make us vulnerable to
surprises; just as the human-made ozone hole
over Antarctica was entirely unpredicted” (69).

Waiting to react to climate change may be
unsatisfactory if it is possible that climate change
impacts will be very costly. Of greatest concern
may be those systems where there is the possibil-
ity of surprise-of facing the potential for high
costs without time to react--or where the climate
change impacts will be irreversible. Such impacts
seem more likelvif long-lived structures or
slow-to-adapt natural systems are affected, if
adaptive measures require time to devise or
implement, or if current trends and actions make
adaptation less likely to succeed or more costly in
the future. In these cases, anticipating climate
change by taking steps now to smooth the path of
adaptation may be appropriate.

Idedlly, a policy-relevant research program
could help identify appropriate actions as the
current state of knowledge evolves. In response to
the potential risks of climate change and the
uncertainties surrounding the science, the Federa
Government launched a massive, multiagency
research effort in 1989 to monitor, understand,

2 COSEPUP’s 1992 report, a joint publication of the National Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine, stated: “While inventions and their adoption may occur quickly, we must ask whether the broad spectrum of current capital
investments could be changed fast enough to match a change in climate in 50 to 100 years’ (27). The report goes on to note that half a century
should be time enough to allow most major technological systems (and some natural systems) to be transformed and most capital stock to turn

over.
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and, ultimately, predict global changes and to
determine the mechanisms influencing these
changes (25, 26). Chapter 3 examines the
USGCRP and suggests ways to effectively broa-
den the program to both incorporate natural
resource concerns and assessment activities.

Other studies have examined systems at risk

from climate change in various ways (see boxes
I-A, I-B, and 2-F and refs, 27, 67, and 188). To
complement these analyses, OTA focused its
examination of adaptation potential on areas
where:

=« Costs of climate change may be very high.
For example, flood and wind damages from
more-intense storms could lead to death and
extensive property damage.

« Impacts of climate change may be irre-
versible. For example, species extinction and
loss of valuable ecosystems—in wetlands,
forests, and wilderness areas-may be per-
manent.

« The validity of long-term decisions made
today will be affected by climate change.
For example, trees planted with alife expec-
tancy of many decades may not survive to
maturity if climate conditions change, Agri-
cultural and coastal development in climate-
sensitive areas may add to the likelihood of
future losses to natural disasters.

« Preparing for catastrophic events is al-
ready warranted. Reacting to climate
change may mean reacting to climate ex-
tremes-such as floods, droughts, storms,
and frees. Coordinated contingency planning
can help avert high costs and reduce risk of
loss.

« There is a significant Federa role in the
research, planning, or management of
these systems.

On the basis of these criteria, OTA selected six

systems for further analysis:

1. coastal areas,

2. water resources,

3. agriculture,

4. wetlands,
5. preserves (federally protected natura areas),
and

6. forests.
The first three systems are managed natural-re-
source-based systems with a high degree of
government involvement and a complex system
of incentives and subsidies in place; these are
grouped together in volume 1 of the report. The
other three systems include | ess-managed natural
systems and are presented together in volume 2.
Both volumes contain this summary chapter, a
primer on climate change, and a chapter on the
Federal research effort. Box 1-A highlights our
overall methodologica approach.

Each of the six systems OTA examined is
stressed to some degree today, and that may
influence how well it can respond to any change
in the future. For example, because populations in
coastal areas are growing, the exposure to costly
natural disastersisincreasing. Water scarcity and
water-quality concerns are already common in
many parts of the United States. Current agricul-
tural support programs often distort and constrain
choices about crop and farm management. Wet-
land loss continues-albeit at a much slower rate
than 20 years ago--despite a stated national goal
of “no net loss (see vol. 2, ch. 4). Preserved
natural areas serve aesthetic, recreational, and
biodiversity functions, but may not be adequate in
size or distribution to maintain wildlife and plant
species in the face of growing habitat loss and
fragmentation. U.S. forest managers are finding it
increasingly difficult to meet the sometimes
competing demands for recreation, environmental
services, and commercial wood products.

Water is an integral element of al of the
resource systems discussed in this report. Its
abundance, location, and seasonal distribution are
closely linked to climate, and this link has had
much to do with where cities have flourished,
how agriculture has developed, and what flora
and fauna inhabit a region. Water quality and
guantity will remain key to the economy. Future
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Box |-A-The OTA Study in Context

Within the past 5 years, three major studies of the impacts of climate change have been released. The
Environmental Protection Agency (EPA) (166) and the Committee on Science, Engineering, and Public Policy
(COSEPUP) (27) issued reports on potential effects of global climate change on the United States; Working
Group Il of the Intergovernmental Panel on Climate Change (IPCC) focused on potential impacts from climate

change worldwide (67).
COSEPUP divided human activities and natu-

The Sensitivity and Adaptability of ral systems into three classes of sensitivity and
Human Activities and Nature adaptability to climate change: 1)low sensitivity,
Sensitive: 2) sensitive but can adapt at a cost, and
adaptation Sensitive; 3) sensitive with problematic adjustment or
Human activity Low atsome  adaptation  adaptation (see table). The report concluded that
and nature __ sensitivity _ cost _ problematic nqystry decisionmaking horizons and building
Industry and energy v schedules are shorter than the time frame within
Heatth v which most climatic changes would emerge, so
Farming v most industries could be expected to adapt as
Managed forests v climate shifts. COSEPUP listed human migration
and grasslands and water resources as “sensitive to climate
Water resources v change,” but adaptable “at some cost.” Finally, it
Tourism and v suggested that unmanaged natural ecosystems
recreation respond relatively slowly and that their ability to
Settlement and v adapt to climate change is more questionable
coastal structures and “problematic” than that of managed cropland
Human migration v or timberland. The EPA report concluded that
Political tranquility v natural ecosystems have only limited ability to
Natural landscapes v adapt if the climate changes rapidly and sug-
Marine ecosystems v gested that “managed systems may show more
resilience.”

SOURCE: Redrawn from Committee on Science, Engineering, .
and Public Policy, Panel on Policy Implications of Greenhouse ~ The Office of Technology Assessment (OTA)
Warming, National Academy of Sciences, National Academy of ~ analysis began with the EPA, COSEPUP, and

Engin(;ering, and Institute for_l\_/led_icine,PoIicy I_mplications of |PCC reports and related literature, but it goes
s o gt Adepiation, ¢ ™ beyond them In several important ways. CO-
1992). SEPUP addressed natural systems primarily in

the general terms of “natural landscape” and
“marine ecosystems.” However, natural systems are much more numerous and complex than this categorization
suggests. We examine some natural systems in the United States at a much finer level of resolution (e.g., wetlands,
forests, and preserved areas) and in different regions of the country.

We also consider systems under varying degrees of management intensity-from less-managed wilderness
areas, wetlands, and some coastal systems, to systems managed for multiple uses, such as forests and
rangelands, to intensively managed agricultural and commercial forestry systems. We consider each to be a
system for which we can characterize outputs and inputs. We focus on the outputs that society cares about,
whether for economic, recreational, aesthetic, or other reasons-in short, things about which policy is made.

While recognizing the value of climate predictions used in previous assessments, we chose to acknowledge
the uncertainties of our changing climate by deliberately avoiding predictions linked to any particular climate
change scenario. Instead, reexamine the vulnerabilities of natural resource systems to climate change, attempt
to elucidate how different climate variables drive natural resource systems, and examine the types of planning and
management practices that might help vulnerable systems adapt to a changing climate.
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Timing is key to our analyses. In addition to the sensitivity Of Systems to climate change, the lead time needed
for human interventions in these systems also varies, as does the time frame for systems to respond. Continuation
of the structure, function, and services of many systems in an uncertain future depends on decisions being made
today. In this report, we highlight how today’s decisions about long-lived systems (e.g., forests and water resource
projects) may determine how those systems respond to tomorrow’s unknown climate.

Finally, and perhaps most importantly for Congress, our assessment examines the institutions and legislative
framework that surround natural and built systems in the United States today. Whether or not a system can adapt
to a changing climate may depend on how adaptable the institutions themselves are. Many systems transcend
agency, geographic, or legislative boundaries; such fragmentation can impede adaptation. OTA identifies these
rigidities and offers new legislative, coordination, planning, and management options to facilitate adaptation.

water availability is essential for continued serv-
ices and functions from coasts, water resources,
agriculture, preserves, wetlands, and forests. Com-
petition for water, whether for irrigation, recrea-
tion, wildlife, or urban use, is likely to heighten in
some regions of the country. Throughout the
report, we highlight this and other intersecting
issues in cross-cutting boxes, indicated by a bar of
icons representing the six systems studied (see
table [-1).

THE PROBLEM OF CLIMATE CHANGE

Climate change dters the baseline against
which future actions are gauged. Our lifestyles,
water supplies, and food supplies and other things
society values from natural resources rely on a
dependable, consistent, and sustainable supply.
Our institutions and infrastructure presume that
the past is a reasonable surrogate for the future.
When designing reservairs, for example, historic
rainfall patterns are assumed to provide a good
indication of the range of future patterns. A
farmer plants knowing that at times, weather
conditions will cause a crop to fail, but with the
expectation-based on past climate-that the
crop will succeed, in most years.

Climate change poses two potential problems
for existing management strategies for resources:

1) increased unpredictability resulting from chang-
ing climate averages, and 2) increased risk of
surprises or large-scale losses. These, together
with the *“background’ of increasing population,
greater future demand, and growing competition
for the use of scarce resources, make the need to
improve the Nation's ability to dea with an
uncertain climate all the more urgent.

Stresses on resources are most acute and visi-
ble during extreme events such as floods and
droughts. Our response to such events has often
proven to be expensive and unsatisfactory. Dam-
ages from the Mississippi River flooding in 1993
are expected to range from $5 billion to $10
billion, with Federal disaster payments of about
$3 billion. Almost $4 billion in Federal payments
went to farmers suffering crop losses during the
1988 drought. Hurricane Hugo cost the Federa
Government about $1.6 billion. Hurricane
Andrew topped $2 billion in Federal disaster
payments, and many complained about the Govern-
ment’s response.’Policies that improve the Na-
tion’s ability to prepare for and cope more
effectively with climate hazards (e.g., floods,
frees, and droughts) would be valuable now and
would help prepare the Nation for a less certain
future.

3 Hurricane Andrew’ s estimated cost to property insurers as of February 1993 is at least $15.5 billion (136). Additional losses involved
uninsured property, public utility equipment (e.g., power lines), crop damage, property insured under the National Flood Insurance and the
Small Business Administration programs, lost tax revenue, and the costs of emergency services.
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Table 1 -I—List of Boxes in Report®

Chapter 1 — Summary
Box 1-A — The OTA Study in Context, p.6
Box 1-B — How Climate Change May Affect Various Systems, p.12
Box |-C — Solutions from General to Specific: Addressing the Overarching Problems, p.20
Box 1-D — Climate Change, South Florida, and the Everglades, p.28
Box I-E — Water Allocation and the Sacramento-San Joaquin River System, p.31
Box 1-F — Changes in Agriculture and the Fate of Prairie Potholes: The Impacts of Drought and Climate Change, p.33
Box I-G — Climate Change in Alaska: A Special Case, p.50

Chapter 2— Primer
Box 2-A — What the Models Tell Us. GCMS and Others, p.68
Box 2-B  — Highlights of the IPCC 1990 Scientific Assessment of Climate Change, p.74
Box 2-C — Climate Change and Coastal Fisheries, p 81
Box 2-D — Coping with Increased CO, Effects on Ecosystem Productivity, p.88
Box 2-E — Responses of Natural Systems to Climate Stress Adaptation, Migration, and Decline, p 92
Box 2-F — Major Assessments of Climate Change Impacts, p.102

Chapter 3 — Research
Box 3-A — Remote Sensing as a Tool for Coping with Climate Change, p.125
Box 3-B — Weaknesses in U.S. Environmental Research Identified by the National Research Council, p.137
Box 3-C — Lessons from NAPAP, p.141

VOLUME 1
Chapter 4 — Coasts
Box 4-A — Saffir-Simpson Hurricane-Intensity Scale, p.162
Box 4-B — Protector Retreat?, p.174
Box 4-c — South Carolina, Hurricane Hugo, and Coastal Development, p.189
Box 4-D — The “Maine Approach”, p.192

Chapter 5 — Water
Box 5-A — Climate Change, Water Resources, and Limits to Growth?, p.216
Box 5-B — Water Quality, Climate Change, and theRio Grande, p.217
Box 5-C — Reauthorizing the Clean Water Act, p.220
Box 5-D — Major Doctrines for Surface Water and Groundwater, p.222
Box 5-E — Navigating the Mississippi through Wet and Dry Times, p.228
Box 5-F — Important Water-Related Responsibilities of Key Federal Agencies, p.233
Box 5-G — Permanent Transfer Conserving Water in California’s Imperial Valley, p.237
Box 5-H — A Drought-Year Option: California’s Drought Water Bank, p.238
Box 5-1 — Seasonal Storage: The Metropolitan Water District’s Interruptible Water Service and Seasonal Storage
Programs, p 247
Box 5-J — The Use of Reclaimed Water in St. Petersburg, p.261

Chapter 6 — Agriculture
Box 6-A — Major Federal Programs Related to Agriculture and the Environment, p.278
Box 6-B — Primary U.S. Farm Products, p.285
Box 6-C — Previous Studies of Agriculture and Climate Change, p.290
Box 8-D — Water Transfers in the West: Winners and Losers, p.292
Box 8-E — lIrrigated Agriculture and Water Quality: The Kesterson Case, p.294
Box 6-F — Historical Examples of Adaptability in Agriculture, p.298
Box 8-G — Adaptation to Declining Groundwater Levels in the High Plains Aquifer, p.301
Box 6-H — Current Technologies for Adapting to Climate Change, p.303
Box 6-1 — The Institutional Setting for Agricultural Adaptation to Climate Change, p.311
Box 6-J — Structure of the Agricultural Research and Extension System, p.315

I What Is at Risk? creased evaporation, and sea level rise. The

As described in chapter 2, climate change  combination of these factors could cause signifi-
predicted by the models includes changes in  cant impacts on all systems. For example, sea
precipitation patterns, increased temperature, in-  level rise could lead to higher storm surges and
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VOLUME 2

Chapter 4 — Wetlands

Box 4-A — Wetland Restoration and Mitigation. Maintaining Wetland Functions and Values, p.154
Box 4-B — How Wet Is A Wetland? The Debate Over Which Wetlands to Regulate, p 157

Box 4-C — Wetland Types and Distribution, p 160
Box 4-D — Why Care About Wetlands?, p.162
Box 4-E — Is a Wetland a Place or a Process?, p 166

Box 4-F — Louisiana and Sea Level Rise: A Preview of What's to Come?, p.173
Box 4-G — How Will Climate Change Affect Wetlands?, p 175
Box 4-H — Will Climate Change Increase Conflicts Over Riparian Wetlands in the Arid West?, p.178

Box 4-1 — The Wetlands Policy Space, p 189

Chapter 5 — Preserves: Federally Protected Natural Areas

Box 5-A — Climate Change and Management Philosophies for Natural Area Management, p 221

Box 5-B — The Strategic Dilemma for Protecting Natural Areas Under Climate Change, p.223

Box 5-C — Federally Protected Natural Areas The Legislative Framework, p.228

Box 5-D — Implicatlons for Endangered Species Conservation Under a Changing Climate, p 235

Box 5-E — Landscape Fragmentation Islands of Nature in a Sea of Human Activity, p.241

Box 5-F — Some Innovative Management Models Toward Ecosystem Management in Natural Areas, p.244
60X 5-G — Competition for Water: The Case of the Stillwater National Wildlife Management Area, p.252

Box 5-H — Water and Natural Areas Under Climate Change, p.255

Box 5-1 — The Yellowstone Fires of 1988 Harbinger of Climate Change and Fire Management Conflicts, p 262
Box 5-J — Possible Funding Sources for Conservation Programs, p 265

Box 5-K — The Sustainable Biosphere Initiative Articulating an Ecological Research Agenda for Global Change, p 269
Box 5-L — Buliding Blocks for Integrated Information Systems, p 270

Box 5-M — Restoration Ecology Giving Nature a Helping Hand Under Climate Change, p 276

Chapter 6 — Forests

Box 6-A — Major Forest Types of the United States, p 306

Box 6-B — Forests and Carbon Sequestration, p 310

Box 6-C — Major Federal Laws Related to Forest Management, p 312

Box 6-D — Southern Bottomland Hardwoods” Converting Wetland Forests to Agriculture, p.316
Box 6-E — The Blue Mountains: Forest Decline and Climate Change, p.318

Box 6-F — Current Weather-Related Stresses on Selected Forests, p 324

Box 6-G — Private Property and Fire Risk, p 329

Box 6-H — Public Grazing Lands Management Dilemmas, p.334

*Shading indicates boxes that discuss interactions across resource systems

increased erosion of coasts (see vol. 1, ch. 4).
Shifts in precipitation patterns could cause more
floods, droughts, water-supply disruptions, hy-
dropower reductions, and groundwater overdrafts,
especialy in the arid West (see vol. 1, ch. 5). The
ideal range for agricultural crops might move
north as temperatures increase, and drought losses
could become more frequent (see vol. 1, ch. 6).
Forests could experience more-frequent fire and
diebacks driven by drought, insects, and disease
(see val. 2, ch. 6). It could become difficult to
retain unique assemblages of plants and animals
in preserves as the climate to which they are
adapted effectively shifts northward or to higher
elevations (see vol. 2, ch. 5). With sea level rise,

loss of coastal wetlands may be accelerated, and
regional drying could eliminate some prairie
potholes (see val. 2, ch. 4).

The loss of soil moisture that might result from
higher evaporation rates at warmer temperatures
is likely to present the greatest threat to natura
systems. Figure 1-1 shows areas of the United
States that may undergo significant changes in
soil moisture based on climate changes projected
by two GCMS. The Goddard Institute for Space
Studies (GISS) scenario suggests that large areas
face moderate drying. The Geophysical Fluid
Dynamics Laboratory (GFDL) scenario shows
more severe drying across much of the eastern and
central United States. Figure 1-2 illustrates the
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The summer floods of 1993 in the Midwest
demonstrate the risks of floodplain development
combined with intensive control of river flow.

The satellite photograph on the top shows the
Mississippi River as it appeared in July of 1988 during
the drought; the one on the bottom shows the same
area during the floods of July 1993.

extent to which changes in soil moisture could
affect U.S. lands in natura cover (e.g., forests and
wetlands) or agricultural use. Much of the Na-
tion's natural resource base may face at least
moderate drying, which is likely to increase stress
on vegetation.

It is impossible to estimate with any confidence
the cost of climate change to society. Estimates of
the costs to the United States resulting from an
average temperature increase of 4to 5 OF (2 to
3°C)‘range from 0.3 to 2.0 percent of the gross
national product (GNP) (22, 23)---corresponding
to tens of hillions of dollars per year. Box 1-B
highlights a broad range of climate impacts that
could be caused by climate: change.

Although it is desirable to anticipate climate
change, the uncertainties involved make the
design of appropriate policies challenging. These
uncertainties include: 1) the extent of global and
regional climate change, 2) its economic and
ecological impacts, and 3) the ability of society
to adapt.

8 Uncertainties About Global and
Regional Climate Change

Atmospheric scientists generally agree about
the direction of climate change on a global and
latitudinal scale. Global temperatures will likely
rise, which would cause an increase in global
precipitation and sea levels. Temperature in-
creases are likely to be greater at higher latitudes.
Winter precipitation could increase in middle and
high latitudes; decreased summer precipitation in
midcontinental, midlatitude regions could result
in reduced summer soil moisture (69). At finer
spatial scales, such as at the regional or State
level, uncertainty about climate change increases.

The rate of change is also uncertain. |IPCC
estimated that global average temperatures will
increase at over 0.5 OF (0.3 ‘C) per decade. As
average temperatures increase, the entire range of
expected temperatures increases as well; thus,
both the warmest and coolest temperatures expe-
rienced will be warmer than before. This does not
preclude late frosts or early freezes if variability
increases. Some analyses show that climate
variability may increase at the regional level—a
series of warm years in a region could be followed
by a series of cool years (195). There is, however,
significant uncertainty about whether the fre-
guency and intensity of extreme events will
change. It islikely that, on average, precipitation
worldwide will increase with climate change (69),
but the models suggest that the interior of
continents will get drier. It is not known whether
droughts or floods will increase or decrease.

4 This temperature increase is the estimated equilibrium warming from an atmosphere containing a greenhouse gas concentration equivalent
to adoubling of CO, above preindustrial levels. Although the atmospheric concentration of gases leading to this temperature change is expected
by about 2030, due to time lags, any resulting temperature effect might not be fully realized until several decades later.



Chapter I-Synthesis, Summary, and Policy Options | 11

Figure I-l—Potential Soil-Moisture Changes Under Two GCM Climate Change Scenarios

GFDL scenario

B Drier

B Much drier

GISS scenario

Much wetter
3 Wetter

NOTE: GFDL=Geophysical fluid Dynamics Laboratory; GISS=Goddard Institute for Space Studies.
SOURCE: P.N. Halpin, “Ecosystems at Risk to Potential Climate Change,” contractor report prepared for the Office of Technology Assessment,

June 1993.

Some analyses predict that hurricane intensities
could increase (43), and drought in lower lati-
tudes could be more severe (144).

B Uncertainties About Direct Effects

Even if the regional changes in climate could
be predicted, important uncertainties would re-
main about the physical and biological effects
they would have. We do not really know how
vegetation, animals, and other natural resources
will be affected by climate change. Rising con-
centrations of atmospheric CO,will change the
rates at which plants grow, respire, use water, and
set seeds. Numerous laboratory experiments on
intensively managed agricultural systems suggest
that CO,will boost plant growth and productivity
aslong as other nutrients are plentiful (6, 39,81);
this is called the CO,fertilization effect (see ch.
2). This effect has not yet been studied in many
natural ecosystems (72, 124). Many studies of
climate effects have used statistical models that
relate natural vegetation or crop productivity to
differences in current regiona climates in order to
estimate impacts under climate change scenarios.
These are summarized in chapter 2 and in volume
1, chapter 6. The ability of plants and animalsto

Figure 1-2-Soil-Moisture Changes for Agricultural
Lands and Areas of Natural Cover,
by GCM Climate Change Scenario
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NOTE: Bars above the zero axis show the percent of land area
becoming wetter; bars below the axis show the percent of landarea
becoming drier. GFDL=Geophysical Fluid Dynamics Laboratory; GIS=
Goddard Institute for Space Studies; OSU=Oregon State University;
and UkMo-United Kingdom Meteorological Office.

SOURCE: P.N. Halpin, ‘Ecosystems at Risk to Potential Climate
Change,” contractor report prepared for the Office of Technology
Assessment, June 1993.
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Box 1-B-How Climate Change May Affect Various Systems'

Natural ecosystems-These may be the systems most vulnerable to climate change. We are least able to
intervene and help with adaptation of natural ecosystems because of limited knowledge about ecological
processes (see chs. 2 and 3). The shift in climate zones may far exceed the ability of vegetation, such as forests,
to adapt through migration (see fig. 1-7). Climate zones may shift hundreds of miles in a century, whereas natural
rates of dispersal and canonization maybe on the order of tens of relies in the same time period (35). in addition,
fire and disease could result in rapid dieback of many existing forests and other terrestrial ecosystems (157).
Helping plants to migrate through such activities as widespread seed dispersal would be very expensive and have
dubious prospects for success (166). These issues are discussed in detail in “Forests” (vol. 2, ch. 6).

Climate change could also lead to a loss of species diversity. Isolated (“island”) species may find
themselves in climate zones that are no longer suitable for their survival (132). The potential for migration of plants
and animals to new suitable habitats is not known, but barriers such as water bodies or development could impede
migration (see fig. 1-6). Species in mountainous terrain could migrate to higher elevations. This creates reduced
habitat areas, which are correlated with reductions in spades diversity. For example, a study ofa5“F (3 ‘C)
warming in the Great Basin National Park in eastern Nevada concluded that it would cause 20 to 50 percent of
species in individual mountain ranges to go extinct (106). The ability for human intervention to maintain species
diversity in the face of climate change is currently limited. Selected species could be transplanted to new habitats,
but this could be very resource intensive and would only be feasible in certain cases; little research has actually
been done on transplantation of multiple-species systems. Migration corridors could be created, but their chances
of success are limited because migration rates are slow and the direction of species migration is unknown. In
addition, the creation of corridors maybe relatively expensive compared with setting aside new protected areas
(154). These issues are discussed further in “Preserves: Federally Protected Natural Areas” (vol. 2, ch. 5).

Climate change can result in the loss of coastal wetlands directly through sea level rise, and indirectly,
through interaction with societal response to sea level rise. Many coastal wetlands will likely be inundated because
the sea will rise faster than wetland sediments accrue (161). Some wetlands will adapt to climate change by
migrating upland with the rising tides. The areas with the greatest risk of wetland loss are along the Gulf and East
Coasts of the United States (see fig. I-4). This will result in a net loss of wetlands because vast areas of tidal flats,
such as in the Mississippi Delta, will be inundated, while inland migration will create new wetlands having only a
fraction of the area of today’s wetlands.’This net lose of wetlands will be even larger where coastal structures,
such as bulkheads or levees, block the inland migration of wetlands (162).

Even if it were feasible to create new coastal wetlands, the costs of this would be so high that large-scale
restoration programs would become unattractive. The average cost of creating wetlands has been estimated at
roughly $20,000 to $45,000 per acre ($50,000 to $100,000 per hectare),’not including land-acquisition costs.’
This figure, however, can vary from just a few hundred dollars per acre to many hundreds of thousands of
dollars per acre.llwugh technology is improving (see vol. 2, box 4-A), attempts to recreate wetland structure and
function fully have been limited. Prohibiting the construction of or removing coastal structures would enable more
wetlands to colonize upland areas. It may not be feasible to move some existing ooastal structures that impede
wetland migration. For example, it is unlikely that areas of dense development would be rebated.

1 This box is a compendium of information drawn from previous studies, recenfesearch, and OTA’S
assessment. The back chapters of this report discuss a subset of these issues.

2's. Weatherman, University of Maryland at College Park, personal communication, November 1992.

3 To convert acres to hectares, multiply by 0.405.

4D.King, Chesapeake Biological Laboratory, University of Maryland, persona communication, November
1$92.
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Prairie pothole and riparian wetlands in regions that get drier maybe at greater risk than those in regions that
get wetter. For example, in the North Central States, increases in temperatures and evaporation rates could cause
many prairie potholes to shrink or disappear, leading to further declines in already diminished continental waterfowl
populations (9). Tundra may shrink as increased temperatures allow the permafrost to thaw and drain (see box
[-G). In addition, wetlands of any type that are already degraded by pollution, water diversions, or fragmentation
may also be particularly vulnerable (196, 199). The status and vulnerability of coastal, riparian, depressional, and
tundra wetlands are discussed in “Wetlands” (vol. 2, oh. 4).

Fisheries-The potential effects of climate change on aquatic ecosystems have been studied very little to
date, and could vary significantly. In some cases, marine fish may be able to migrate to new, more suitable habitats,
depending on several factors, if food sources are available (80). Some freshwater fish in open waters, such as
the Great Lakes, could benefit from a larger thermal niche (96). Fish in small lakes and streams, however, may
suffer from increases in temperature that adversely affect survival, reproduction, or their ability to migrate to coder
locations (101). Changes in water quality will also affect the survival of aquatic organisms. Climate change may
alter circulation patterns in many lakes, reducing dissolved-oxygen concentrations. Higher temperatures will also
act to reduce dissolved-oxygen concentrations (71 ). Sea level rise will increase saltwater intrusion of estuaries,
potentially benefiting marine fish at the expense of freshwater species (60). However, changes in estuaries could
have broad impacts on the U.S. fishery. By far, the greatest portion of commercial catches, with the exception of
those from Alaskan fisheries, are composed of estuarine-dependent species (139). Ongoing alterations of critical
habitat (such as those caused by geographic fragmentation and pollution) may be exacerbated by climate change.
Box2-C (ch. 2) discusses, by region, the condition and value of fisheries today, current problems, and the potential
impacts of climate change.

Agriculture-This system is very sensitive to climate, but climate change impacts maybe offset by intense
management over short time frames. High temperatures and drought could reduce crop yields, although this effect
could be counteracted by higher atmospheric concentrations of carbon dioxide and longer growing seasons in
higher latitudes (129). The potential for agricuitural adaptation, particularly at the farm level, is very high (30).
Changes in management practices (e.g., changing planting dates or using irrigation or crop-switching) can reduce
or eliminate many of the potentially negative impacts of climate change. Shifts in climate zones would result in
changes in relative productivity y levels, with some areas increasing output, and other areas reducing output due
to increased competition (). See “Agriculture” (vol. 1, ch. 6) for further discussion.

Coastal resources-Cities, roads, airports, and other coastal resources are vulnerable to flooding from sea
level rise and hurricanes. The population near the coast is growing faster than populations in any other region of
the country, and the construction of buildings and infrastructure to serve this growing population is proceeding
rapidly. As a result protection against and recovery from hazards peculiar to the coastal zone, such as hurricanes
and sea level rise, are becoming ever more costly (11). The combination of popularity and risk in coastal areas
has important near-term consequences for the Safety of coastal residents, protection of property, maintenance of
local economies, and preservation of remaining natural areas. These points are discussed further in “Coasts” (vol.
1, ch. 4).

Water resources-These resources are vulnerable to several climate change impacts. Changes in
precipitation and higher levels of evapotranspiration can combine to affect surface-water and groundwater
supplies, flood and drought frequency, and hydropower production. Arid basins could experience the largest
relative change in water flow from climate change (67). Numerous studies have been conducted on the relative
vulnerability of the major U.S. river basins to flood and drought, supply disruptions, hydropower reductions,
groundwater overdrafts, and extreme events (46,49,66, 166). They conclude that the water resource regions most
vulnerable to some or all of these events are the Great Basin, California Missouri, Arkansas, Texas Gulf Rio
Grande, and Lower Colorado (see fig. 1-5). See “water” (vol. 1, ch. 5) for more information; Appendix 5.1 lists

State-by-State problems, )
(Continued on next page)
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Box 1-B--How Climate Change May Affect Various Systems--(Continued)

Human health--Climate change could affect human health, but there is agreat deal of uncertainty about
whether mortality and morbidity would actually increase and about the potential for adaptive measures (such as
the use of air conditioning) to offset any negative impacts. Several studies have concludedhat the potential range
of infectious diseases could shift with climate change, but the exact nature of these shifts is uncertain (94). Even
if the range of dbase-carrying vectors, such as mosgitoes, changes, enhanced pest-control measures could
nullify the increased threat of disease. Effects of climate changein other countries could displace some
populations. If “environmental refugees” lead to an increase in immigration, there is the potential for increased
importation of communicable diseases into the United StateS (164) . Other studies have shown that climate change
could lead to increased cases of heat-stress mortality (74).Uncertainties about changes in human physiological
and behavioral response make it difficult to draw conclusions about the risks of climate change to human
health.

Energy--Higher temperatures will no doubt increase energy demand for cooling and decrease energy
demand for heating. This would result in an increase in the demand for electricity (primarily for air conditioning)
and for electric-generating capacity (93). This new demand would not be completely offset by reductions in the
use of oil and gas for heating (96). The largest capital costs would be associated with increased power plant
construction, which could cost as much as $170 to $920 billion, about 12 percent inure than the increases in
capacity-needed to population and €conomic growth through the middle of the next century (93). As with sea
level rise, adapting to increased energy demand could involve significant costs.

Transportation--Some forms of transportation could be positively or negatively affected by climate change.
inland shipping maybe the most sensitive to climate change. On the one hand, warmer winters wouid likely result
in less ice cover and alonger shipping season. For example, ice cover on the Great Lakescould be reduced by
5to 13 weeks (4), lowering shipping and related costs (78). On the other hand, lower river flow and lake levels
could increase shipping costs by reducing shipping tonnage capacity or blocking shipping (143). Some roads near
the coast may have to be moved or protected from sea level rise. in many instances, adaptation is highly probable
in transportation at some cost to the economy (see vol. 1, box 5-~ “Navigating the Mississippi through Wet and
Dry Times").

adapt to changes in climate, either through
physiological adjustment or through migration, is
uncertain. Historically, trees can disperse and
migrate about 60 miles (100 kilometers)®per

R Uncertainties About Society’s
Ability to Adapt

Finally, how society will respond to whatever
climate change occurs and the resulting impacts

century, but the projected rates of temperature
change would require migration rates 5 to 10
times faster for forests to remain in suitable
habitats (35, 36). The success with which natural
vegetation can migrate will depend on seed
dispersal, physical barriers to migration (e.g.,
mountains and developed land), competition
between species, and the availability of fertile
soilsin areas of suitable climate.

are uncertain. Coping with climate change can
take the form of technical, institutional, regula-
tory, behavioral, and economic adjustments.
Future technologies and levels of income are
unknown, athough they will most likely improve
and increase and will aid in adaptation (5). Will
population growth or environmental consensus
limit or expand adaptation options? Will people

°*To convert miles to kilometers, multiply by 1.609,
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Box I-B-How Climate Change May Affect Various Systems--(Continued)
The table below summarizes potential climate change impacts for these various systems.

Potential Climate Change Impacts for Various Systems

Systems

Potential impacts

Forests/terrestrial vegetation

Species diversity

Coastal wetlands

Aquatic ecosystems

Coastal resources

Water resources

Agriculture

Human health

Energy

Transportation

Migration of vegetation.
Reductionin inhabited range.
Altered ecosystem composition.

Loss of diversity.
Migration of species.
Invasion of new species.

Inundation of wetlands.
Migration of wetlands.

Loss of habitat.
Migration to new habitats.
Invasion of new species.

Inundation of coastal development,
Increased risk of flooding.

Changes in supplies.
Changes in drought and floods.
Changes in water quality and hydropower production.

Changes in crop yields.
Shifts in relative productivity and production.

Shifts in range of infectious diseases.
Changes in heat-stress and cold-weather afflictions.

Increase in cooling demand.
Decrease in heating demand.
Changes in hydropower output,

Fewer disruptions of winter transportation.
Increased risk for summer inland navigation.
Risks to coastal roads.

1992

SOURCE: J.B. Smith and J. Mueller-Vollmer, “Setting Priorities for Adapting to Climate
Change,” contractor paper prepared for the Office of Technology Assessment, March

react quickly and efficiently to trends deemed
outside the range of normal, or will they assume
that conditions-will return to historic norms? Will
people overreact to periodic climate extremes
that do not actually signal a substantial changein
the underlying climate? Responses to recent
extreme events, such as the Mississippi River
flooding in the summer of 1993, may provide an
interesting lesson.

CHOOSING ADAPTATION STRATEGIES

How should decisionmakers incorporate the
uncertainties posed by a changing climate into
long-term plans for resource systems? What can
be done to minimize vulnerability to climate
change? Uncertainty makes acting now difficult,
but it also makes preparing for a wide range and
intensity of climate impacts essential.
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The Grand Teton National Park, along with other
national parks and preserves, provides habitat for
countless species of birds and wildlife. The parks and
preserves also offer extensive recreational oppor-
tunities such as hiking, camping, nature study, and
photography. These are examples of services at risk
from climate change.

Possible responses to the threat of climate
change depend on what one wants to save. Do we
try to maintain systems in their current form (e.g.,
the extent of forests and the varieties of crops), or
do we maintain the services they provide (e.g.,
enough food for the population, scenic views,
beach recreation facilities)? Do we wish to
minimize the economic costs of facing a changing
climate? Do we attempt to forestall only cata-
strophic events? However these interests are
balanced, two general primary characteristics of
adaptation policies stand out: flexibility and
robustness. By helping to ensure quick and
effective response to changing circumstances
(flexibility) and by being prepared for the worst
(robustness), the potential costs of an uncertain
future climate can be reduced.

Just how much effort should be expended to
avoid future risks will ultimately depend on the
perceived costs of the effort compared with the
likelihood and scale of future damages that will be
avoided. In some cases, the same strategies that
help protect against climate risks might aso
provide some immediate and certain benefits:
enhanced services from natural systems, im-

proved productivity in managed systems, better
means for dealing with existing climate variabil-
ity and weather extremes, or reduced environ-
mental damages from managed systems. The
costs of these |low-regrets strategies or activities
may be relatively easy to defend. Other activities,
however, would be most useful only in the event
of severe climate change. The costs of such
activities may be considered in the same light in
which we consider the purchase of insurance-
it may be better to pay a relatively small pre-
mium now than to be uninsured against the threat
of severe and more costly ecological and eco-
nomic damage.

1 Enhancing Flexibility

Any policies that improve the chances of
adapting more smoothly and painlessly provide a
buffer against the negative impacts of climate
change. Flexible systems and policies are those
that allow self-adjustments or midcourse correc-
tions as needed without major economic or social
disruption. For example, flexible systems can be
fine-tuned to cope with hot and dry weather as
well as more-intense rainstorms. The system
should work now, under current climate condi-
tions. Flexibility would not preclude potentially
desirable actions or lock policy makers into
expensive, irreversible decisions. For example, in
some cases, building a dam is a less flexible
policy than is water conservation. If new informa-
tion becomes available that suggests that the dam
is not needed in that location or is the wrong size,
fine-tuning is difficult. Efforts to conserve water
can (within limits) be used to supply quantities of
water without building new, expensive infrastruc-
ture with 50- to 100-year lifetimes; the policy is
also reversible in times when water is plentiful
(seeval. 1, boxes 5-G, 5-H, 5-1, and 5-J).

Advancing the knowledge base will enhance
flexibility. In agriculture, the development of new
crops suited to a wide variety of climates,
improved understanding of the performance of
crops under a changing climate, and continuing
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education and extension programs to provide
better-informed decisionmaking by farmers will
al help smooth the path of adaptation (see val. 1,
ch. 6). In general, research that clarifies how
systems respond to climate change will help
identify and expand the range of possible adap-
tive actions and will speed their successful
implementation.

Removing legidlative or administrative con-
straints that now limit our ability to change would
also promote flexibility. For example, the compli-
cated programs of price supports in agriculture
now penalize farmers who choose to change
planting or management practices significantly.
Given the importance of agriculture in the United
States, large economic costs could be associated
with even brief delays in agricultural adjustment
to a changing climate. Other subsidies, such as
those for irrigation and those implicit in the
support for infrastructure in coastal zones, add to
our inflexibility by encouraging the development
of built systems in areas that maybe increasingly
at risk to natural disasters. Resolving conflicts
over the use of natural resources, through the
creation of organizational structures or market
incentives, should also help with our ability to
implement change.

B Enhancing Robustness

Policies can a'so minimize the risk of adverse
effects from climate change by making systems
less sensitive to climate. Robust systems are those
that can tolerate a wide range of climate condi-
tions and are, therefore, less vulnerable to climate
change extremes. Actions that increase robust-
ness in a system are those that help protect against
the threat of large-scale losses or climate sur-
prises. The robustness of a system can be in-
creased in severa ways. One is to take actions that
make the system itself inherently more tolerant of
a variety of climate conditions. For example,
developing and planting crops that perform rea-
sonably well under a wide range of climates may
be wise no matter how the climate changes.

Adding capacity to dams or other structures can
make them more ‘‘robust, that is, able to
accommodate greater variability in precipitation.
Another way to increase robustness isto put a
variety of mechanismsin place to protect against
possible losses, hoping that some mechanisms
will succeed even if others fail. For example, a
mix of management strategies for forests and
natural areas could be used to protect against
climate change.

Improving the robustness of a system will often
require an insurance strategy-something must
be initiated now in order to avoid extremely high
costs under a much warmer climate. The idea is
that paying a small amount now will reduce the
risks of a major loss in the future. For example,
establishing gene banks or learning how to
undertake ecosystem restoration may be an “in-
vestment” that would reduce the risks of cata-
strophic forest or ecosystem loss in the future.

Efforts that enhance the general health, produc-
tivity, or quality of a system can also enhance
robustness by making the system more resilient,
or able to tolerate some climate-related stresses.
Actions promoting robustness include improving
the quality and protection of wetlands, minimiz-
ing existing threats to natural areas, and establish-
ing new preserves (see vol. 2, chs. 4 and 5).
Planning and management measures that avert
trends that make adaptation more difficult in the
future are al'so robust strategies.

It is not immediately obvious that natural
systems, such as forests or wetlands, are less
robust (more vulnerable) in the short term than are
managed systems such as agriculture and water-
supply systems. Natural systems do have some
inherent buffering to protect themselves against
existing climate variability. However, what may
put natural systems at greater risk than systems
that are actively managed is continued stress from
climate change over a long time period. Once a
natural system declines, it may take many years to
recover. Of particular concern is the possibility
that losses to natural systems may be irreversi-
ble, such as the loss of species. In managed
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systems, it is much more likely that there would
be intervention to reduce the losses because the
economic value at stake is often very high.

B Applying the Criteria

Federal agencies are currently making many
decisions about the management of natural re-
sources that could be significantly affected by
climate change. What the Federal Government
decides now about the management of water
supplies, forests, wetlands, fish, wildlife, and
other issues could limit or foreclose the ability of
these resources and their managers to adapt to the
future effects of climate change, or could help
make us better prepared to deal with an uncertain
climate future.

Given the broad criteria of flexibility and
robustness, we identified a large class of policy
options that could remove inefficiencies, address
existing problems, and help insure against the
uncertainties posed by climate change to resource
systems. Many studies term such options no
regrets or low regrets because they make sense to
pursue now, even assuming no climate change.
The question that arises is. Why are actions that
are supposed to be prudent, anyway, even without
the added impetus of climate change, being
pursued in such a limited way (5)? Actions that
appear reasonable for protecting resources cannot
be considered in a vacuum. In redlity, there are
barriers of many sorts-in information, institu-
tions, and process--even 10 options that appear to
be low regrets. OTA’s policy analysis focused on
these barriers and tried to identify ways to
overcome them.

Another large class of policy options calls for
us to be prepared for the worst. Whether these
options will still be seen as no-regrets once
climate does change may depend on the rapidity
and magnitude of that climate change, and the
future response of decisionmakers. If, in the face
of signficant climate change, the no-regrets
options prove inadequate, there could indeed be
regrets that substantially more aggressive meas-

ures were not taken earlier. OTA has aso looked
at some of the more aggressive measures that
would be appropriate if the likelihood of climate
change is considered high.

The policy options presented in this report to
enhance the flexibility and robustness of the
various resource systems represent a gradation
from ‘‘learn more about the natural resource
system” to “improve the technology or know-
how required for adaptation” to “relax the
ingtitutional constraints that tend to inhibit the
ability or incentive to respond. ” This gradation
depends on whether the ability to respond to
climate change is limited by information, by
available technologies, or by the institutions that
govern the system.

Coastal systems and water resources (dis-
cussed in val. 1, chs. 4 and 5, respectively) face
many institutional factors that may limit adapta-
tion. Theoretically, there is enough water to
supply needs throughout the United States, even
under climate change. We know how to move
water from one place to another and have
technologies to save water or even to make fresh
water from salt water. However, the complex
system of water rights, lack of incentives to
conserve water, and limits on the transferability
of water result in daunting institutional con-
straints and inflexibility. In coastal systems, the
infrastructure of roads and bridges and subsidized
flood insurance encourage a degree of develop-
ment in high-risk zones that maybe economically
unwise even under current climate conditions and
sea levels.

In agriculture, market incentives and annual
planting cycles make the system quite responsive,
or flexible, to change. As long as there are
continued efforts in research, technology, and
innovation that expand the base on which adapta-
tion can proceed, coping with climate change
should be relatively easy for agriculture--barring
catastrophic changes (vol. 1, ch. 6). Yet, whether
adaptation is optimal may depend greatly on our
ability to remove certain institutional incentives
that may encourage uneconomic farming of areas
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where climatic risks are high. In thisregard, farm
subsidies and disaster-assistance programs need
review and, likely, adjustment.

For less-managed systems, our ability to facili-
tate natural adaptation is limited by inadequate
information or understanding of natural processes
and by the narrow range of available and suitable
technologies for adaptation. In wetlands (vol. 2,
ch. 4), sealevel rise and changes in the timing and
amount of precipitation will exacerbate ongoing
habitat loss. Efforts to reduce current loss will
make the system more robust and improve
chances for adaptation to climate change. Actions
to minimize the possibility of irreversible damage
should receive high priority. For forests and
natural preserves (vol. 2, chs. 5 and 6), climate
change may make the continued existence of
unique assemblages of plants and animals ques-
tionable. Natural areas have become the reposi-
tory of biodiversity in the United States. Yet little
is known about maintainingg, changing, restoring,
or transplanting natural ecosystems. There is no
systematic effort to document what is currently
preserved and how that can be augmented or
protected under climate change, Enhancing these
areas through strategic acquisitions of land or
land easements and through innovative coordina-
tion of management with adjacent landowners
offers great promise as an approach for maximiz-
ing protection of biodiversity. Filling in gaps in
our knowledge through research would allow us
to better manage and protect these areas and to
reduce the risk of decline under climate change.

OVERARCHING POLICY THEMES

As we developed and evaluated policy options,
using the criteria described above, for the six
different resource sectors examined in this report,
many sector-specific policy options appeared to
coalesce into severa broad themes, or problems.
Four particular themes were found to be shared by
several or all of the sectors:

= geographic and institutional fragmentation,

m inadequate communication Of climate risk,

m the need for contingency planning, and

« an ongoing Federal research effort-the
U.S. Global Change Research Program--
that will not fill many key research and
information gaps.

Each chapter addresses these themes within the
context of the appropriate resource sector, but the
common threads are highlighted here. Below, we
describe the overarching themes more fully and
illustrate some possible directions Congress could
take to begin addressing these broader policy
challenges. Box 1-C examines some specific
options from the resource chapters, and relates
them to these common themes.

I Fragmentation

A key problem in natura resource management
is that the most sensible management units from
a resource perspective—watersheds or eco-
systems—rarely correspond to the boundaries
within which resources are actually managed.
Furthermore, resources are usually owned and
managed for multiple purposes. Many different
government agencies and private owners may
have some responsibility for the management of
a given resource, with differing incentives moti-
vating its management and use. As a result,
resources may be fragmented geographically and
jurisdictionally.

One aspect of fragmentation is the geographi-
cal division of landscapes and ecosystems that
results from uncoordinated development and the
encroachment of human activity. Such activity
has left few ecosystems intact in the lower 48
States (the Greater Yellowstone Ecosystem is
often cited as the most important remaining
example). In most parts of the country, remaining
natural areas have become ‘‘islands’ of habitat,
surrounded by developed or altered landscapes
and vulnerable to a variety of human stresses (see
vol. 2, box 5-E). This fragmentation of former
large ecosystems has led to greater stress on the
natural resources within the remaining fragments.
Many natural areas, including the federally pro-
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Box 1-C--Solutions from General to Specific: Addressing the Overarching Problems

During the course of developing policy options for coping with climate change, OTA heard repeatedly from
many experts that climate change alone is not necessarily the most worrisome threat to natural resources. Rather,
climate change is likely to exacerbate various trends and problems that already plague natural resource
management. Current management policies and practices for coasts, water resources, agriculture, wetlands,
natural areas, and forests are perceived in many quarters as being inadequate in ways that not only hinder
management today, but could impose greater constraints under a changing climate. Four particular problems were
found to be common to several or all of the sectors: 1) Institutional and geographical fragmentation;
2) inadequate communication of information that would improve response to climatic risks; 3) lack of
contingency planning and, other measures to prepare for extreme events or weather surprises; and
4) information gaps in various key scientific and policy areas.

Addressing these overarching problems will pose numerous challenges for Congress and Federal agendas.
All four problems have been recognized to varying degrees in the past, but progress toward solving them has been
slow. Attempting to solve any of them could require far-reaching policy changes, but small piecemeal actions could
be undertaken for individual resource sectors by many different government agencies or by congressional
appropriations, legislation, and oversight committees. Big, bold policy changes could accomplish the job more
uniformly or effectively, but reaching agreement on solutions and then garnering sufficient support to implement
them could prove impossible. Incremental changes do not require such widespread support and may accomplish
specific goals, but such policies can also detract from needed larger changes by leaving the impression that no
further action is necessary.

In the resource and research chapters of this report (vols. 1 and 2, ohs. 3 through 6), we suggest numerous
policy options that address parts of the four overarching problems in waysthat are specific to each resource sector.
In many cases these resource-specific options could be formulated in broader terms to attempt across-the-board
solutions to the overarching problems identified above. Furthermore, many of the sector-specific  options are
interconnected, and could be more effective if enacted in a coordinated way. In some cases, any of several
different resource-specific policy options could form a first step toward solving an overarching problem. A few of
these options are described below.

Fragmentation

Options to help reduce Institutional fragmentation include:
» Promoting the reestablishment and strengthening of Federal-State river basin commissions to improve
coordination among agencies. (Vol. 1, option 5-11 -"Wade")")
= promoting integrated resource management at the watershed level. (Vol. 2, option 4-22--"Wetland.”)
. Creating a Federal coordinating council for ecosystem management. (Vol. 2, option 5-12-" Preserves.”)
= Amending the Science Policy Act of 1976 (P.L. 94-262) to strengthen the ability of the Office of Science and
Technology Policy (OSTP) and the Federal Coordinating Council on Science, Engineering, and Technology
(FCCSET) to coordinate research and ecosystem management across agencies. (Vols. 1 and 2, option
3-1—"Research.”)
Although these options seem varied, all four address, in some way, the problem of institutional fragmentation and
the need for greater coordination and integrated management. If enacted individually, these policies could focus
on specific problems in the management of water resources, wetlands, and preserves. However, any of the four
could also serve as part of a larger effort to coordinate the management of all three retirees. Reinstated river
basin commissions could form a local base for watershed management that could be broadened to include
attention to wetlands and other natural areas within the watershed. Similarly, a Federal coordinating council for
ecosystem management could use watershed units as one level of coordination and examine the interac-
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tion of water resources with other natural resources in that unit. The problem in trying to expand any of these
individual options to cover the overarching concerns would be in how best to assign authority and enforcement
capabilities for any coordinating agency without interfering with the jurisdiction of the agencies to be coordinated.

Options to help reduce geographic fragmentation include:

m |dentifying and assigning priorities to the wetlands that are most important to protect and restore. (Vol. 2, option
4-19--"Wetlands.”)

& Directing agencies to modify their criteria for land acquisition to include underrepresented ecosystems and
long-term survivability. (Vol. 2, option 5-9--"Preserves.”)

= Using current conservation incentive programs administered by the Secretaries of Agriculture and Interior to
enhance the Federal effort to protect natural areas. (Vol. 2, option 5-10-" Preserve")")

m Protecting highly valued forest sites. (Vol. 2, option 6-4--"Forests.”)

m Providing incentives to reduce fragmentation of private forestland. (Vol. 2, option 6-5--"Forests.")

Several of the policy options for wetlands, preserves, and forests either explicitly address the problem of
geographic fragmentation or could be used to do so. The options listed above would promote priority setting for
land acquisition or restoration of valuable natural areas, including wetlands, forests, and other types of preserves.
Reducing landscape fragmentation could be viewed as a high-priority goal. Furthermore, existing conservation
incentive programs of various types could be required to focus on the lands most valuable for preventing or
ameliorating fragmentation.

Communication of climate risk

Options to communicate risk through modifying subsidies include:
m Raising premium rates for the National Flood Insurance Program (NFIP) policyholders who receive subsidized
flood insurance. (Vol. 1, option 4-1-"Coasts.”)
» Reducing the Federal share of public disaster assistance. (Vol. 1, option 4-7—"Coasts.")
s Reforming pricing in Federal water projects. (Vol. 1, option 5-5--"Water.”)
a Defining disasters formally, with assistance provided only for unusual losses. (Vol. 1, option 6-3--"Agriculture.”)
m improving participation in the crop-insurance program. (Vol. 1, option 6-5-"Agricuitur”)”)
m Eliminating incentives to destroy wetlands. (Vol. 2, option 4-8--"Wetlands.”)
= Reducing Federal subsidies, such as Coastal Zone Management funds and flood insurance, in areas that have
not established setback or “planned retreat” policies. (Vol. 2, option 4-16--' 'Wetlands.”)
One of the major ways the Federal Government affects the responsiveness to climate risk is in the distribution of
public money for disaster assistance and insurance subsidies. Subsidized and regulated prices distort the
perception of changing risks and could slow the response to growing water scarcity and to increases in the
frequency of droughts, floods, and storms. The options listed above suggest that policies to reduce or eliminate
such subsidies could be beneficial in encouraging greater precautions and faster responses to changing climate
risk in nearly every individual resource sector-as well as in reducing Federal spending in an era of constrained
budgets. If enacted together, these options could go along way toward addressing the overarching problem of
misperception of risk.

Options to communicate risk through tax signals include:

» Eliminating or reducing tax benefits for coastal development (such as the casualty-loss deduction). (Vol. 1,
option 4-16—"Coasts.”)

» Reforming tax provisions to promote conservation investments. (Vol. 1, option 5-4--"Water.”)

= Using current conservation incentive programs administered by the Secretaries of Agriculture and interior to
enhance the Federal effort to protect natural areas. (Vol. 2, option 5-9--" Preserves.”)

(Continued on next page)
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Box 1-C--Solutions from General to Specific:
Addressing the Overarching Problems--(Continued)

The U.S. Tax Code can provide both incentives and disincentives for financial risks. Tax incentives can be used
to encourage behavior that might reduce risks to humans and the environment, including investments in water
conservation and in protecting natural areas. Tax disincentives could be used to help prevent unproductive
behavior, such as coastal development in high-risk zones or where development leads to the destruction of
wetlands or creates barriers against their movement inland as the sea level rises.

Other options to communicate risk include:
m  Improving the research and extension process (develop a database on successful practices; expand farmer
involvement; provide support for on-farm experimentation). (Vol. 1, option 6-11 -"Agriculture.”)
« Incorporating climate change scenarios intoforest plans and assessments, (Vol. 2, option 6-11--"Forests.”)
m Eliminating the even-flow-harvest requirement of the National Forest Management Act (P.L. 94-588), which
falsely implies that future timber supplies will be stable). (Vol. 2, option 6-12--"Forests.”)
m Incorporating sea level rise into National Flood Insurance Program mapping. (Vol. 2, option 4-5--"Coasts.")
The Government is the source of considerable information that can serve to improve private sector response to
a changing climate. Outreach and extension services will be valuable in communicating changes in the
effectiveness of farm management techniques and crop choices, speeding the process of adaptation. Inventories,
monitoring, climate data, and resource--status assessments will indicate trends in natural resource conditions and
signal changes in the future supply of products and service from natural resource systems. Better understanding
of these trends will help businesses and individuals to anticipate and adjust more effectively to changing future
conditions. Inappropriate signals about climate risk that create an unrealistic expectation of stable conditions may
encourage unwise financial investments in resource-dependent communitiesthat are at risk of decline. The pubic
generally is not well-informed about the risks associated with living in coastal areas, and this lack of awareness
has led and will continue to lead to large public and private expenditures. Educating people now about t he ri sk
of a rising sea level could greatly reduce future damages.

Contingency planning

Options to formalize contingency planning include:

» Creating an interagency drought task force to develop a national drought policy and plan. (Vol. 1, option
5-16--"Water.")
n Creating a national flood-assessment board, (Vol. 1, option 5-17--"Water.")
« Establishing criteria for intervention in order to protect or restore forest health through a forest health bill. (Vol.
2, option 6-7--"Forests.")
Droughts, forest fires, floods, and hurricanes have all become the focus of public attention in recent years after
events such as the nationwide drought in 1988, the 5-year California drought of 1988-1992, the Mississippi floods
in the summer of 1993, and Hurricanes Hugo and Andrew in 1988 and 1992. in many cases, contingency plans
setup to deal with such disasters were either inadequate or nonexistent. Policy options for water resources and
forests suggest different types of contingency planning that may help address future disasters as the climate
changes. Because the presence of forests and wetlands moderates how water moves through the landscape, both
should be considered in flood planning and development.

Options that add a measure of “insurance” against catastrophic events include:

«Increasing support for the development of new commercial crops. (Vol. 1, option 6-14--"Agriculture.”)

» Conducting research on natural resources to prepare for climate change (restoration ecology, preservation of
biodiversity, effective preserve design). (Vol. 2, option 5-2--"Preserves.”)

« Directing agencies to modify their criteria for land acquisition to include underrepresented ecosystems and
brig-term survivability. (Vol. 2, option 5-9--" Preserves.”)
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« Enhancing

Preparing for extreme future climate conditions through the development of technologies or institutions will assist
in recovery and can help reduce the threat of future damage. The development of crops well-suited to harsher
future climate may provide some insurance against a steep decline in our agricultural sector. Contingency
preparations for forests and preserves must consider the potential need for active restoration or protection if natural
processes become excessively disturbed. Seed banks may provide the material to rebuild a forest in the event
of severe decline and loss of spades or populations from their natural range.

forest seed banks and genetics research programs. (Vol. 2, option 6-1--"Forests.”)

Information gaps

Options to help decrease these gaps include:

» Supporting long-term research and monitoring on the impacts of climate change on wetlands. (Vol. 2, option
4-24--"Wetlands.”)

« Increasing  funding for  ecological
option 5-1—"Preserves.")

« Supporting coordinated research in federally protected natural areas. (Vol. 2, option 5-4--"Preserves.”)

«Creating a national program for inventorying and monitoring. (Vol. 2, option 5-5-"Preserves.”)

« Using the Experimental Forests for research on adaptation to climate change. (Vol. 2, option 6-2—"Forests.”)

«Using existing monitoring and  inventorying efforts to identify causes and effects of forest decline. (Vol. 2,0ption
6-6--"Forests.")

« Creating an Integrated Assessment program within or outside USGCRP positioned above the agency level.
(Vols. 1 and 2, option 3-8--" Research.”)

. Creating an adaptation and mitigation research program either within USGCRP or separate but parallel to it.
(Vols. 1 and 2, option 3-5--"Research.”)

research in the U.S. Global Change Research Program (USGCRP). (Vol. 2,

Many policy options suggest particular research questions or promote the use of specific existing programs to
address some of the information gaps regarding climate change. Coordinating these different research efforts
and ensuring that each considers some of the related concerns of others might yield synergistic results. For
example, while the Experimental Forests should be useful sites for examining how forests may adapt to climate
change, research could be focused more broadly to consider issues that affect natural areas (including questions
of how to maintain biodiversity and how to restore damaged ecosystems) and forested wetlands.

While these research programs in individual areas are forming useful building blocks toward solving the
overarching problem of lack of knowledge, a broader program of coordinated research across-the-board could also
be attempted. Some of the research listed could be coordinated under the Ecological Systems and Processes
priority group in the USGCRP. However, the USGCRP goals and purview need to be broadened to include
ecosystem research, adaptation and mitigation research, and an iterative integrated assessment in order to be
more useful to policy-making.

tected natural areas, may not be large enough to
withstand future stresses such as climate change.
Managing smaller areas as individual parcelsin
an uncoordinated manner and without larger
needs in mind has become part of the problem.

A second aspect of fragmentation is the ineffi-
ciency that results from alack of coordination in
management across government agencies. It is
not uncommon in even relatively small water-

sheds, for example, for dozens of Federal, State,
and local agencies to share jurisdiction overwater
and other natural resources. For instance, the
Delaware River Basin is divided among four
States (fig. 1-3). Responsibility for water re-
sources alone in this basin is divided among at
least 10 agencies in each of the four States and
among more than 20 Federal agencies. In most
basins, responsibility for groundwater manage-
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Figure 1-3-The Delaware River Basin
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ment is separate from that for surface-water
management (see also vol. 1, box 5-D). Water
quality and water quantity are usually treated
separately. And jurisdiction over navigation,
recreation, flood control, and wetlands may also
be split, athough all these aspects of water
resource management are related and may affect
one another. Problems are encountered in manag-
ing a single reservoir as if its operation does not
affect how others within a basin are operated, or
in managing to control floods without consider-
ing the role of wetlands. The result of this
jurisdictional fragmentation is often seen in
conflicting efforts, high management costs, and
foregone opportunities to provide better overal
service. These inefficiencies may be of increasing
concern if climate changes threaten the supply
and services of natural resources. Box 1-D
describes the complexities of trying to manage a
growing urban center, agricultural areas, and
the Everglades of South Florida (see also val. 1,
box 5-B).

More effective management for coping with
current and potential future stresses on natura
resources and built systems is possible and
needed. Today’s agency-by-agency, owner-by-
owner, and system-by-system management
approach leaves much to be desired. Many
improvements can be made by going beyond our
customary fragmented style of management to
consider more comprehensively the services of
watersheds, ecosystems, and landscapes (see val.
2, box 5-F). Within most sectors or systems
examined in this report, we have identified
options that can begin moving toward more
integrated management and reduced geographical
fragmentation: breaking down institutional barri-
ers among agencies, acquiring and consolidating
natural areas, and providing private owners with
incentives to maintain the environmental services
of alandscape. Regional priorities could be used
to direct activities in regulatory, acquisition, and
incentive programs. We also consider some more
fundamental changes, such as creating major new
programs and reorganizing agency responsibili-

ties, which can be pursued if the political will
exists. However, neither breaking down institu-
tional barriers nor altering private incentives will
be easy. Watershed management, for example,
has been discussed for many years, but estab-
lished styles of management have changed little
to date. Nevertheless, watershed management
seems to be a concept whose time has come: the
Environmental Protection Agency (EPA), backed
by the current Administration, has strongly advo-
cated the approach, and watershed management is
being considered in current legislation to reau-
thorize the Clean Water Act (P.L. 92-500) (see
vol. 1, box 5-c).

More integrated planning and management
along watershed and ecosystem lines is likely to
be one of the best ways for the Nation to promote
the flexibility, robustness, and efficiency that is
desirable in coping with the uncertain impacts of
climate change.

1 Communication of Climate Risk

If climate changes as predicted, resource man-
agers and individuals will find it necessary to
adjust to new circumstances. Certain parts of the
country are likely to become much less desirable

Hurricanes and other tropical storms cause millions of
dollars’ worth of damage each year as homes, boats,
and businesses are destroyed by high winds and water.
Some Federal programs and regulations encourage
redevelopment in high-risk areas without requiring
appropriate safety measures.
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places to live and work. Even where climate
changes are less harsh., current management
practices and lifestyles may not continue to be
appropriate.  The speed with which resource
managers and individuals can recognize and
respond effectively to new climate conditions
will largely determine the economic and social
costs of climate change. Adaptation to change is
likely to be delayed by the inherent difficulties in
recognizing climate change against the back-
ground of normal climate variability. Respon-
siveness to changing climate risks may be further
impeded by existing Federal programs designed
to protect individuals from the financial risks of
climatic extremes. It maybe enhanced by provid-
ing information about the nature of climate
change risks, the changing resource situation, and
the likely success of particular adjustments in
resource-management techniques. Effective com-
munication of the nature of climate-related risks
can be promoted through formal educational
efforts or through appropriate incentives.

The Government could better communicate
climate risk by reducing the various public
subsidies for developments in areas of high risk.
The public has come to depend heavily on
government disaster assistance and subsidized
insurance programs, which helps reduce exposure
to the financia risks from climate extremes. Such
programs have been vauable in alowing the
productive use of resources in areas of highly
variable climate. Problems may arise, however, if
the financial buffer provided by these Federal
programs unintentionally encourages people to
move into environments where they may be
exposed to greater risk in the future, or reduces
incentives to take adequate precautions against
climate risk. Because development decisions are
not easily reversible, and the consequences of
decisions taken now are, in some cases, likely to
be with us for many decades, it seems prudent to
begin reexamining policies that may encourage
development in climate-sensitive areas. Private
citizens should recognize the true costs of extend-
ing farms into economically marginal areas,

building structures in areas of high forest-fire risk,
or locating buildings in coastal erosion zones.

We assessed two systems in which a reexamin-
ation of current risk protection policies may be
especially important in the face of climate
change: coastal areas and agriculture (see vol. 1,
chs. 4 and 6). Flooding and erosion are of
particular concern in coastal areas, and these
hazards could increase in a warmer climate. We
discuss options in the coastal and agriculture
chapters that could help owners respond more
effectively to climate change and that would
decrease potential future exposure to climate risk.
For example, the National Flood Insurance Pro-
gram has been only partially successful in reduc-
ing the need for taxpayer-funded disaster assist-
ance and in encouraging local mitigation efforts.
In agriculture, Federal Crop Insurance, various
disaster-assistance programs, and irrigation sub-
sidies all tend to distort the manner in which
farmers respond to climate risks. (See box 1-Eon
water allocation in the Sacramento-San Joaquin
River System and box 1-F on agriculture in the
prairie-pothole region.) Improvements can and
should be made in these program to ensure that in
the future, individuals, communities, and the
Federal Government are not exposed to exces-
sive costs.

Equally important may be quickly communi-
cating the detection of any change in key climate
variables and other information that will assist in
the responses to changing climates. Farmers and
foresters, for example, may be reluctant to ater
practices until they are convinced climate has
actually changed. The potentia role of the Exten-
sion Services in tracking the changing success of
farming and forestry practices and spreading this
information to managers may prove important in
reducing the costs of adaptation.

1 Contingency Planning

The goal of contingency planning is to mini-
mize losses from natural disasters or accidents by
preparing in advance to take appropriate actions.



Chapter 1--Synthesis, Summary, and Policy Options | 27

Contingency planning is important where the
threat of significant losses is high in the absence
of preparation and prompt response-as is the
case with floods, forest fires, droughts, and
hurricanes (see val. 1, chs. 4 and 5 and box 4-C;
vol. 2, box 5-1). Climate change could affect the
intensity or number of extreme climate events,
making preparedness perhaps even more impor-
tant than it is now. However, adequate contin-
gency plans do not exist for all parts of the country
that are vulnerable to extreme events. For exam-
ple, only 23 States have drought-management
plans (197). The States that do have them,
however, have generally adapted better to
droughts than those without plans (197). We
identified options that could help mitigate dam-
ages, including the ecological harm caused by
natural disasters. Improvements in contingency
planning would be helpful both to minimize
near-term damages and to prepare for potentialy
greater damages caused by climate change.

States have a key role in planning for most
extreme events and must continue to do so. States
should be encouraged to develop contingency
plans or to refine them with climate change in
mind. The Federal Government also hasarolein
planning for natural disasters, with many agen-
cies involved in some way in this activity (see
cartoon on page 34). However, the Federal
Government could do better at defining the
respective roles of the agencies that have respon-
sibilities for extreme events. It could also promote
stronger coordination among Federal agencies
and among the various levels of government in
establishing requirements for assistance and in
providing such assistance in a more timely,
consistent, and equitable manner.

Contingency planning is also important when
emergency measures are likely to be controver-
sid; it alows potential responses to be considered
in advance when there can be rational debate.

Such controversies are very likely to be associ-
ated with any efforts to restore the health of
natural ecosystems that have been severely
harmed by climate-related stresses. This is well-
illustrated by difficulties now faced in responding
to “massively destructive forest health prob-
lems’ in the Blue Mountain forests of Eastern
Oregon (176; see vol. 2, ch. 6 and box 6-E).
Although there is general agreement that major
changes in management are needed in those
forests, the response has been slow, and agree-
ment about how to proceed has been hard to
achieve. Procedures for responding to ecosystem
health emergencies should be established.

B Research and Information Gaps

The individual resource chapters outline the
important research gaps that need to be addressed
for coasts, water resources, agriculture, wetlands,
preserves, and forests. Overal, we found that
various strategies for coping with climate change
can be identified for managed natural-resource-
based systems (including the coastal zone, water
resources, and agriculture--see vol. 1, chs. 4-6).
Some of these strategies may require continued
support for research on new technologies or
management practices that will enhance the
potential for adaptation. For natural systems,
however (e.g., wetlands, unmanaged forests, and
nature preserves-see vol. 2, chs. 4-6), the
informational gaps in our understanding of these
systems are so large that realistic response
strategies are difficult or impossible to identify
now (see also val. 2, box 5-K).

Although an estimated $900 million is spent
annualy on what can be considered research in
““environmental life sciences’ (54) or *‘environ-
mental biology,”® there is currently very little
research directed specifically at protecting natural
areas under climate change and helping land
managers modify management strategies to re-

6 J. Gosz, Executive Secretary, Subcommittec on Environmental Biology, Committee on Life Sciences and Health, Federal Coordinating
Council for Science, Engineering, and Technology, personal communication, Sept. 14, 1993. Only 11 percent of these expenditures overlaps

with the Federal Global Change Research Program budget.
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Box 1-D--Climate Change, South Florida, and the Everglades

Lying dose to sea level and in the preferred path of a sizable percentage of Atlantic hurricanes, South Florida
is potentiality one of the most vulnerable areas of the United States to climate change. it is also one of the moat
distinctive. South Florida's famed Everglades, a vast subtropical wetland of which about one-seventh is preserved
in Everglades National Park, is seen by many as one of the crown jewels of the U.S. National Park System. Miami,
Palm Beach, and other coastal communities in South Florida makeup one of the most popular seaside vacation
destinations in the world. Despite hurricane and flood hazards,these cities have experienced phenomenal growth
in recent years. In addition, varieties of crops can be grown in the warm, subtropical climate that grow nowhere
else in the United States. And Miami has become a gateway between North and South America, transforming
South Florida into an important internationalcrossroads.

Despite, or perhaps because of, its distinctiveness and popularity, South Florida is under stress and, like a
few other heavily developed parts of the United States, beginning to bump up against limits to growth. The critical
factor is water. Although the region receives an annual average of 80 inches (152 centimeters) of rain, annual
evaporation can sometimes exceed this amount and rainfall variability from year to year is quite high, resulting
in periodic droughts and floods. In the past century, moreover, South Florida has been transformed from a virtual
wilderness into a complex, interconnected system of developed and undeveloped land. The main elements of this
system-the growing urban sector, agricultural areas, and the Everglades and other remaining natural
areas--must all compete for the limited supply of water, and the competition is increasing with every new resident.

Much of the growth of South Florida has occurred since 1870. Then, fewer than 100 people lived in what are
now Dade, Broward, and Palm Beach Counties. Now, about 5.2 million people occupy the same area The vast
unaltered Everglades, which originally extended from Lake Okeechobee to Florida Bay, were seen by early settlers
as hostile to human welfare and completely without value. Encouraged by a grant from the U.S. Congress, the
State of Florida began draining these “useless” wetlands for agriculture, and by the earty 20th century, the natural
character of the Everglades had begun to change. Farmers planted sugar cane and a variety of vegetables in the
drained area south of Lake Okeechobee now known as the Everglades Agricultural Area (EAA).

The initial drainage system worked well enough during normal years but was stressed during occasional
abnormal events and failed completely during a major hurricane in 1928. At that time, 2,000 people died in the
EAA when the protective dike around Lake Okeechobee burst. This incident prompted the Initiation of a massive
public works project, as attention shifted from drainage of wetlands to flood control. Eventually,an 85-mile
(137-kilometer)* earthen dike was built around Lake Okeechobee, and the meandering 98-mile Kissimmee River,
which fed the lake from the north, was transformed into a canal 48 miles long and 33 feet (10 meters) deep.
Flooding problems diminished, but the former broad, riverlike system north of Everglades National Park has been
greatly altered into a series of canals and pools. The former sheet-like flow of water to the park, necessary to its
health, has been blocked. Today, the area has more than 1,395 miles of canals and levees and 143 water-control
structures.

Projects to expand the supply of water to growing urban centers proceededin tandem with flood-control
projects. To accommodate demands for agricultural and urban expansion, diking and draining of wetlands
continued, and as the expansion progressed, more water was diverted for these purposes. Today, additional water
is diverted for sewage dilution, pest control, and frost protection. Some water is used to recharge aquifers that
supply cities east of the Everglades and the populated areas of the Florida Keys. Large quantities of wat er t hat
could be recycled or used to recharge urban aquifers are dumped into the Atlantic Ocean (see vol. 1, oh. 5, and
vol. 2, oh. 4, for complete discussions of water and wetland issues).

A major effect of this decades-long restructuring of the natural hydrological system has been to drastically
reduce the supply of water from the Kissimmee River watershed thatreaches the much-diminished-in-size

1 To convert miles to kilometers, multiply by 1.609.
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Everglades. The natural system has suffered in several ways as a result: 1) the abundance of species
characteristic of Everglades habitats (e.g., wood storks, white ibis, tri-colored herons, and snowy egrets) has
declined dramatically in the past 50 years, 2) more than a dozen native species have been listed as endangered
or threatened (e.g., the Florida panther, snail kite, Cape Sable seaside sparrow, American alligator, and American
crocodile), 3) nonnative and nuisance species have invaded the area (e.g., Melaleuca quinquinervia and the
Brazilian pepper tree), 4) sizable land subsidence and water-level declines have occurred throughout the region,
5) water quality has been degraded by agricultural runoff containing excessive nutrients, such as phosphorus,
6) saltwater intrusion of coastal aquifers has occurred, 7) vulnerabilitytofire has increased, and 8) massive algal
blooms have appeared in Florida Bay, accompanied by die-offs of shrimp, lobster, sponge beds, and many fish.

The impacts of development have not been limited to natural areas. As water use in the region has grown,
susceptibility to periodic droughts has increased. A 1981 drought, for example, led to mandatory water restrictions
for half the counties of South Florida and water rationing in the EAA. Pollution from cities, as well as from
agricultural areas, has added to water-quality problems. Saltwater intrusion threatens aquifers used for urban
water supplies.

Everglades National Park was created in 1947, the culmination of efforts that began in the 1920s. The
transition of the Everglades from being perceived as ‘Worthless land” to an important preserve worthy of
designation as an International Biosphere Reserve and World Heritage Site took decades, but preservation of this
area and restoration of other degraded wetlands are now considered high priority by a broad spectrum of people
and organizations. Although there is broad agreement that the hydrology of the Everglades should be restored
to a pattern similar to that found in the original system, it will not be easy to balance the needs of the Everglades
for water with the similar needs of other users.

South Florida’s Everglades and coastal areas, clearly already under stress, face an unusually difficult problem
in the light of global climate change. Both are already vulnerable to sea level rise and intense tropical storms (see
vol. 1, ch. 4). (Damage from Hurricane Andrew, for example, was not confined to urban areas--coastal mangrove
forests were heavily damaged, as were trees in many densely forested hammocks.) Climate change could
increase the current vulnerability to these events. Climate change may also result in a hotter and drier climate for
South Florida, although predictions from general circulation models (GCMs) are not consistent on this point.
Whatever occurs, the future is likely to be increasingly stressful for South Florida. Cities are likely to continue to
grow and will almost certainty be protected from sea level rise, but the expense of protecting them could be
immense. The Everglades, once deemed worthless, is now considered a valuable natural resource. As valuable
as it is, however, the Everglades will probably not receive the same attention as cities threatened by rising seas
will. Farmers are likely to resist attempts to hinder or reduce long-established patterns of agriculture in favor of other
uses for water. In short, South Florida is a system increasingly “close to the edge.” The flexibility to satisfy
competing interests for water and land has been reduced by actions taken since the turn of the century, and climate
change may further reduce flexibility.

in recent years, some efforts have been made to offset some of the damage to the Everglades and restore
some of the lost flexibility to the natural system. In 1970, for example, Congress directed that not less than 315,000
acre-feet (389 million cubic meters) of water be delivered annually to Everglades National Park. In 1989, Congress
enacted the Everglades National Park Protection and Expansion Act (P.L. 101-229), one purpose of which was
to enable more natural flow of water through a portion of the park. More recently, the Federal Government sued
the Florida Department of Environmental Regulation for not upholding its own water-quality laws, thereby allowing
degradation of the Everglades to continue. As a result, the State has agreed to design and construct treatment
areas in the EAA where drainage could be filtered before it is discharged to the park. The State has also directed
the South Florida Water Management District to implement an Everglades Surface Water Improvement and
Management Plan. Finally, as authorized in the 1992 Water Resources Development Act (P.L. 101-640), the US.
Army Corps of Engineers will soon begin a long-term project to restore the Kissimmee River to an approximation

(Continued on next page)
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Box 1-D--Climate Change, South Florida, and the Everglades--(Continued)

of its original meandering route, thereby increasing wetlands north of Lake Okeechobee, helping to improve water
quality in the lake, and increasing the water-storage capacity of the entire Everglades system.

Although important steps are being taken to restore the Everglades, some major obstacles are stymieing the
more comprehensive ecosystem plating that will be required to address the full range of South Florida's current
and climate-change-related problems. One of the most vexing, and one encountered many times In OTA’s study,
is the lack of coordination among the responsible State and Federal agencies. Part of the problem is a result of
a lackof shared values among agencies and among the constituencies they represent. Furthermore, each agency
has a different mandate, and agencies’ jurisdictional boundaries seldom coincide with boundaries of natural
systems. One might expect that the preservation mandate of the U.S. Fish and Wildlife Service and the Florida
Department of Environmental Regulation would often dash with the flood-control mandate of the Corps of
Engineers and with the interests of EAA farmers, and such has been the case in South Florida. However, lack of
coordination has extended even to agencies with similar mandates; a prominent example has been the difficulty
of reconciling the National Park Service’s ecosystem-wide approach to restoring the Everglades with the Fish and
Wildlife Service's mandate under the Endangered Species Act (P.L. 100-707) to focus on protection of individual
species.

Recently, Interior Secretary Bruce Babbitt expressed a strong interest in Everglades National Park and has
made dear his intention to get the National Park Service and the Fish and Wildlife Service to work more closely
toget her to develop a common policy. Babbitt has also announced plans to form a Federal taskforce in an attempt
to overcome some of the coordination problems.

The broader challenge for the region is to manage this complex system in an integrated fashion to maximize
the health of all its diverse elements. This is no small challenge because it may be very difficult to sustain agriculture
without environmental costs, for example, or for urban areas to continue to grow indefinitely without some
restraints. The effort to sort through these problems must take place with someunderstanding of what climate
change may mean.

SOURCES: S. Light, L. Gunderson, and C. Holling, “The Everglades: Evolution of Management in a Turbulent Ecosystem," University of

Florida, Arthur C. Marshall Laboratory, unpublished manuscript, 1993; National Audubon Society, Report of the Advisory Panel on the
Everglades and Endangered Species(New York: National Audubon Society, 1992);J. de Golia, Everglades: The Story Behind the Scenery
(Las Vegas, NV: KC Publications, Inc., 1978); K. Kemezis, "BabbittToTest Ecosystem Policy in the Everglades,"Environment Week, Feb.

25, 1993.

spend to climate change. In 1992, only $8 million
was spent on research focused on adaptation to
climate change.’

The U.S. Global Change Research Program
(USGCRP) is a $1.4 hillion research program.
However, as currently designed, it will not
provide either the practical technologies that
might make us more prepared for climate change

or the ecological information that would be
helpful in providing policy guidance and adapta-
tion options for natural systems. Overall,
USGCRP is more focused on understanding the
causes for and rates of climate change’than on
examining the ecological and human impacts of
change (see ch. 3 for a more complete explanation
of USGCRP). The agencies primarily responsible

"The Working Group on Mitigation and Adaptation Research Strategies (disbanded in 1992) of the Committee on Earth and Environmental
Sciences of FCCSET identified Federal research that focuses on or contributes to adaptation to global change (24).

*USGCRRP is designed to produce a predictive understanding of the Earth system and focuses on three interrelated streams of activity:
documenting global change (observations), enhancing understanding of key processes (process research), and predicting global and regional
environmental change (integrated modeling and prediction). For FY 1994, afourth activity stream, assessment, was added.
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Box I-E-Water Allocation and the Sacramento-San Joaquin River System

The complexity and divisiveness of western water problems--and the potential for climate change to
exacerbate those problems-is well-illustrated in the continuing battle over allocation of water in California The
Sacramento-San Joaquin River System, and especially the Delta area where the two rivers come together in
Northern California is the focal point of this conflict. Before western water development began, about 40 percent
of California’s runoff converged into the Sacramento-San Joaquin Delta on its way to San Francisco Bay and,
eventually, the Pacific Ocean. However, about half of this water is now diverted to Southern California, the San
Joaquin Valley, and parts of the Bay Area via the massive State Water Project (SWP) and Central Valley Project
(CVP). The water delivered through these huge “plumbing” systems has enabled California’s semiarid Central
Valley to become one of the Nation's prime agricultural areas and has been partly responsible for the phenomenal
population growth of Southern California’s mild coastal areas.

Agriculture is now firmly established in the Central Valley, and about 16 million people-over 70 percent of
the State’s population—now live in Southern California. Water supply is crucial to California: it has been the basis
for most agricultural, industrial, and economic development However, the transfer of water from Northern to
Southern California has not come without a cost to the river system and the State. Water supply and allocation
issues directly conflict with water-qualityand ecosystem concerns, and they pit interests of southern Californians
against those of Northern Californians. Three issues are of special concern.

Delta fisheries-The Delta and extended Sacramento-San Joaquin River System provide important habitat
for over 40 species of fish. Coho and chinook salmon, steelhead trout, and striped bass all reside in the river system
atone point in their lives and have been especially important to the recreational and commercial fishing industries.
Yet these species of fish have declined 50 percent or more since the early 1960s. Fewer than 500 winter run
salmon have returned to spawn each year in the Upper Sacramento in recent years, compared with the 60,000
per year that returned 20 years ago. Only 432 steelhead returned in 1966 compared with over 17,000 in 1967 (16).
The Delta smelt is dose to extinction. Causes of these dramatic declines include loss of habitat; water pollution;
dam, levee, and diversion-facility obstructions; and drought. When conditions are poor in the Delta--when
flows are low and water temperatures and exports are high-losses of young, ocean-bound salmon can be
very high.

Fishermen, as well as fish, have suffered. Fish losses have cost the local economy over $15 million per year
in recent years. In effect, the benefits to people who receive water diverted from the Delta have come partially at
the expense of both fish and fishing interests. In March 1993, the U.S. Fish and Wildlife Service and the National
Marine Fisheries Service invoked the Endangered Species Act (P.L. 100-707) to protect winter run chinook salmon
and Delta smelt, setting limits on the operations of the Central Valley Project and intensifying a dispute between
State and Federal officials on how best to protect the Delta.

Delta farmland and levees-The Delta, once a natural marshland, was developed for farming around the
turn of the century and now contains almost 550,000 acres (223,000 hectares)'of rich farmland. The marshland
was converted to a mosaic of over 70 islands by building over 1,100 miles (1,800 kilometers)®of levees. The levee
system is fragile, however. The peat soils of the Delta have been gradually compacting, requiring that levees
constantly be raised or repaired. Many of the levee-surrounded Delta islands are now well below sea level.
Maintenance of the levee system is important for protecting life, property, and infrastructure from flooding on Delta
islands. Permanently flooded islands would also have major adverse effects on both water quality in the Delta and
freshwater supplies. Since 1960,24 levees have failed, and with each year, the fate of these islands becomes more
uncertain.

1 To convert acres to hectares, multiply by 0.405.

2 To convert miles to kilometers, multiply by 1.609.
(continued on next page)
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Box 1-E--Water Allocation and the Sacramento-San Joaquin River System--(Continued)

Water quality--Water quality in the Delta is of concern because of possible salinity intrusion into the western
Delta from San Francisco Bay, wastewater discharges that contain chemical pollutants, and the inflow of
agricultural drainage water that may contain pesticide residues and other toxic agents (18). Maintaining water
quality and ecological health in the Delta(by, among other things, ensuring that an adequate amount of fresh water
reaches the Delta) is legally required by the State but may conflict with water transfers and local consumptive uses.
This is especially true during drought, when there may not be enough water to fulfill all demands. Drought poses
another problem as well: during low-flow periods, water temperature in system rivers increases, and this has
contributed significantly to the decline of odd-water anadromous fish species in recent years.

In sum, Californians are making heavy demands on the Sacramento-San Joaquin River System. They
recognize that the means of transferring water from the Delta must be improved to maintain water quality and to
enable more efficient transfer of supplies to the southern part of the State, but the issue has proved to be one of
the most controversial water problems in the West. In 1982, for example, California voters defeated a referendum
to build the so-died Peripheral Canal around the Delta to improve the system’s efficiency. Northern Californians
overwhelmingly rejected the proposal, for fear that the Delta’s environmentwould not be adequately protected and
because they perceived that populous Southern California was attempting yet another “water grab.” Although
there was more support in Southern California, many in that part of the State feared the project's high cost.

Studies of the potential impact of climate change in California suggest--but have by no means proven--that
the regional effects of climate change could be reduced mountain snowpack, a shift inrunoff patterns (i.e., in timing,
amount, or duration of precipitation), and large decreases in summer soil moisture. Specifically, a possible result
of warming temperatures is that more winter precipitation will fall as rain and a reduced mountain snowpack will
start melting earlier in the spring. As a result, reservoirs would fill faster. Because a portion of reservoir space must
be reserved for flood-control purposes, the additional water would have to be spilled. Although California’s total
water budget might remain the same, less would be available during t he summer, when water demand is highest
Thereduced snowpack in effect represents the loss of one or more storage reservoirs. Maintaining adequate
freshwater flow to San Francisco Bay would be more difficult in summer and could increasingly conflict with water
needed for consumptive purposes. Summer temperatures would also likely increase in the Sacramento and other
rivers and represent a threat to fish.

A further complication could be sea level rise. The intergovernmental Panel on Climate Change predicts a
total sea level rise of 28 inches (65 centimetersjby 2100. Such arise would inundate the entire Delta area and
have devastating effects on Delta islands and water quality. A sea level rise of more than 2 feet would transform
the current 100-year high-tide peak at Antioch, a western Delta location, into a 1 in 10 event-making such rare
occurrences more common. Levees would be even more expensive, or even impossible, to maintain. Because
the Deltaislands are developed for farming and valued for helping preserve water quality, the initial response to
incremental sea level rise is likely be to try to preserve the islands. In the long run, a phased retreat from the Delta
may have to be considered (142). Choosing between preservation at any price and abandonment would not be
easy.
Y If the above impacts occur (Or worse, if California’s water budget actuallglecreases), maintaining California’s
water supplies for consumptive purposes and maintaining the health of the Delta will be a great challenge. This
would be especially true during droughts, which, if more common than-and as extreme as--the current
drought In California, could have devastating impacts. A suite of demand-and-supply management and
supply-augmentation responses to the State’'s water problems is being considered. No one response will be
sufficient Conservation and water marketing could significantly ease California’s water problems, but building new
reservoirs and even some desalination plants and other responses may be needed as well.

37To convert inches to centimeters, multiply by2540.
SOURCE: Officeof Technology Assessment, 1993.
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Box |-F-Changes in Agriculture and the Fate of Prairie Potholes:
The Impacts of Drought and Climate Change

The prairies comprise millions of acres over a vast geographical area that includes parts of Canada, and the
States of Montana, North Dakota, South Dakota, Minnesota, and lowa.The region is characterized by a glaciated,
depressed topography with poorly defined drainage that results innumerous small lakes and wetlands known as
prairie potholes."Millions of potholes dot the landscape, providing an impermanent water source for the region’s
agricultural operations and diverse wildlife, including migratory waterfowl. Since the early 1960s, a general shift
in the structure of the agricultural economy has occurred in the prairie region, involving a move toward
more-intensive farming practices (60). The drainage of prairie potholes has been accelerated in order to bring more
land into production and to increase yields on existing cropland. However, drought conditions in recent years have
evoked concerns about the sustainability of the regional agriculture and wildlife and have raised questions about
impacts that may result from climate change.

The drying effects of climate change are certain to affect the prairie-pothole region by altering aquatic
conditions. Agricultural operations and wildlife rely on prairie potholes for water. An increase in temperature, which
would influence aridity in continental interior areas, would reduce available volumes, thereby putting both farming
and waterfowl at risk in addition to changes in the availability of surface water, water storage in the soil is likely
to decrease (134). Temperature changes may also mean an extended growing season, which could alter the
nesting and feeding habits of wildlife. in total, climate change will affect the region by increasing existing stress
on the prairie-pothole ecosystems and agriculture.

Agriculture operations in the prairie region have long provided the bulk of the Nation’s wheat supply. Wheat
is well-suited to the region’s dryland agriculture, with the majority of precipitation failing during the growing season
and with relatively cool temperatures keeping evapotranspiration rates down. Farming in the region has become
more and more intensive as agriculture has become increasingly mechanized. These developments have had a
considerable effect on the fate of prairie potholes, which have decreased from 20 million to 7 million acres (8 to
3 million hectares)’leaving only 35 percent of the original pothole acreage intact (179). A poor farm economy in
the 1980s coupled with mechanization caused prairie farmers to push every possible acre into production. North
Dakota’s potholes were being drained at an estimated rate of 20,000 acres per year to support conversion to
agriculture (179). And drainage rates became similarly high in other prairie States, as farmers recognized the
potential value of new farmland.

Now, although 20 percent of all remaining prairie potholes are protected,’prairie potholes are among the most
threatened ecosystems in the United States. They provide prime nesting grounds and habitat for a multitude of
waterfowl and other wildlife. Since the 1970s, populations of three common duck species (the mallard, the pintalil,
and the blue-winged teal) have declined dramatically. Populations of some other species of duck less dependent
on potholes in agricultural regions have increased. The mallard, pintail, and blue-winged teal nest in the
drought-prone zone of intensive agriculture (1 19). These migratory waterfowl have lost not only extensive areas
of breeding habitat, but also adjacent vegetated areas once used for food and cover. Here the detrimental effects
of the loss of wetlands cleared for agricultural use are dramatic; wildlife populations have likely been cut in half
(60).

1 Prarie-pothole wetlands are relatively shallow, water-holding depressions that vary in size, water
permanence, and water chemistry.They are located in the glaciated Portion of the North American Great Plains and
are the single most important breeding area for waterfowl on this continent (63). They also support a variety of other
wildlife.

270 convert acres to hectares, multiply by 0.405.

3 Protection includes, but is not limited to: ownership by Federal or State governments,short- and long-term
government easements, and ownership by private conservation groups.

(Continued on next page)
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Box 1-F--Changes in Agriculture and the Fate of Prairie Potholes
The Impacts of Drought and Climate Change--(Continued)

Though these changes have been occurring over along period of time, effects were most dramatic during
recent drought conditions in the region. Severe drought marked both the 1988 and the 1989 growing seasons in
North Dakota, the heart of the country’s spring wheat production area (143). This dry spell was the second to occur
during the 1980s and the fourth serious drought in the past three decades (143). The lack of precipitation and
subsequent loss of soil moisture resulted in dramatic decreases in agricultural yields and in abandonment of some
cropland. Despite the grain crop losses (some more than 70 percent), net farm income and farmed acreage did
not suffer. This was basically due to government drought assistance, in the form of insurance and direct aid The
combination of insurance, aid, and the higher grain prices requiting from the drought helped farmers avoid losses
that might ultimately have led to extensive farm failure and abandonment

Climate change may significantly alter growing conditions in the prairie region. Changes resulting from global
warming may decrease both water depth and the number of ponds holding water in the spring and summer. This
aspect is likely to further influence the degradation of waterfowl and wildlife habitat and to upset populations.
Waterfowl may respond by migrating to other areas, relying heavily on the semipermanent prairie-pothole
wetlands, remaining on permanent wetlands but not breeding, or failing to renest as they currently do during
drought (160). On the other hand, drier conditions in these shallow, temporary, seasonal wetlands will make
land-use conversion to agriculture much more reasonable in terms of expense and ease. Long-term changes in
agricultural activityinthe region, caused by economics and climate change, are sure to affect the fate of prairie
potholes and the waterfowl and wildlife they support, placing them at further risk.

SOURCE: Office of Technology Assessment, 1993.
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for research and management of public lands (the
Department of the Interior (DOI), the U.S. De-
partment of Agriculture, the National Science
Foundation and EPA) combined receive less than
30 percent of the total funding for Ecological
Systems and Dynamics (less than 5 percent of the
total USGCRP budget). Given that such research
on ecological and human impacts may take years
or decades to produce results, the slow process
may cost us the ability to respond to global
change in areas that are especialy at risk to
irreversible damage. In addition to understanding
climate impacts and effects, it is important to
know how to minimize socioeconomic impacts.
Ultimately, to be useful in planning for an
uncertain climate, USGCRP must include ecosys-
tem research that can feed into management,
socioeconomic analysis, and adaptation research.
An assessment process that incorporates all these
categories and permits inputs from stakeholders
and policy makers is necessary to make USGCRP
truly policy relevant. This is a much broader
definition of “assessment” than USGCRP can
accommodate given its current research program
and structure.

NEAR-TERM CONGRESSIONAL ACTION

In the resource chapters (vol. 1, chs. 4-6, and
vol. 2, chs. 4-6) of this report, a series of *‘fnst
steps’ is outlined to illustrate ways to begin
incorporating climate change considerations into
statutes, policies, and programs relating to vari-
ous natural resources-coasts, water, agriculture,
wetlands, preserved lands, and forests. The frost
steps for the resource chapters are summarized
briefly in the last section of this chapter. Severa
of the first steps focus on actions that offer
important and immediate benefits, even without
climate change as an additional factor justifying
them. Several targets of opportunity in the near-
term congressional agenda, in the announced and
potential initiatives of the new Administration,
and in the programs of the various agencies can be
capitalized upon now.

Likewise, the USGRP offers annual opportuni-
ties for changes. Chapter 3 discusses several
directions the program could take; many of these
options are included below as possible near-term
congressiona actions. The process of policy
development in government is not so orderly that
one can lay out and follow a detailed plan of
logical first steps, followed by logical second
steps, and so on. Regular congressional reauthori-
zation cycles for major natural resource pro-
grams, the annual budget cycle, election cycles,
the fragmentation of responsibilities among con-
gressional committees, and still other policy-
making redlities provide the context in which
decisions about climate change will be made.
Seen in this light, the choice of first steps is
significantly influenced by an assessment of
where the opportunitieslie.

B Annual Appropriations

Even if Congress did nothing else, each year it
would enact legislation appropriating money for
carrying out governmental programs. Thus, an
immediate and recurrent annual opportunity to
address many of the issues considered in this
report is through the appropriation process. Most
simply and directly, to narrow the breadth of
uncertainties that exist today, Congress can en-
sure adequate levels of funding for existing
climate-change-related research programs.
Through the appropriation process, Congress can
also encourage natural resource management
agencies to carry out their monitoring and re-
search programs in ways that meet their intended
objectives while simultaneously producing data
that could be useful to their own or other
agencies climate change research efforts.

The annual appropriation process is aso the
means by which Congress makes mgjor long-term
investments-for example, in land acquired for
National Parks and wildlife refuges and in dams
and other water resource projects. Until now,
climate change considerations have not been a
factor in deciding whether any of these invest-
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ments were prudent. One could justify inclusion
of such considerations now because climate
change has the potential to lessen the value of
such investments. Thus, Congress could re-
quire that the land-acquisition, water-resource-
development, and other similar proposals
brought before it be accompanied by explicit
evaluations of how climate change may affect
the long-term viability of the investment. Alter-
natively, in the case of lands proposed to be
acquired for conservation purposes, Congress
could direct that the criteria by which agencies
rank their acquisition priorities include some
consideration of potential climate change impacts
on those lands or their resources. Building up the
Nation’s reserve of protected land would help
stem some climate change impacts by reducing
fragmentation and, possibly, reducing other
threats to natural area resources. Increased pro-
tection and reduced fragmentation of these areas
could help build more resiliency into some
natural systems (see vol. 2, chs. 4 and 5).

Congress has increasingly linked policy direc-
tion to agency funding during the appropriation
process. Congress could include requirements
in its various appropriation bills that each of
the agencies managing natural resources po-
tentially affected by climate change provide
Congress with its own evauation of the agen-
cies' preparedness to cope with a range of
climate futures. The appropriation process may
also be especialy well-suited to encouraging
agencies that implement climate-sensitive pro-
grams (e.g., agricultural disaster assistance, crop
subsidies, and flood insurance) to develop long-
term budget projections for those programs based
on severa future climate scenarios. In thisway, a
budget-conscious Congress can better inform
itself early on about the potential costs of climate
change for those programs.

0 Reauthorization Cycle
In addition to the annual appropriation cycle,
congressional action is heavily influenced by the

reauthorization cycles of magjor Federal programs.
Congressional attention is not focused on all
issues at once. Rather, at any given time, its
attention is disproportionately focused, through
its committees, on the major Federa programs for
which current authorization is about to expire.
The process of extending that authorization pro-
vides an opportunity to evaluate the workings of
a program closely and to provide legislative direc-
tion for that program for a period of many years.
Thus, at least with respect to changes in existing
Federal natural resource programs, the best op-
portunities to implement the first steps recom-
mended here are in the context of laws and
programs that are about to be reauthorized.
Among these, the Clean Water Act is a high-
priority target of opportunity (see val. 1, box 5-C).
Comprehensive revisions of that law have been
proposed, and the act’s wetland provisions are
undergoing particular scrutiny. The reauthori-
zation of the Clean Water Act provides a key
opportunity to address one of the more important
needs identified in this report-the need to
achieve more effective integration of resource-
management efforts across political jurisdictions.
Comprehensive watershed planning (see val. 1,
ch. 5), which integrates wetland protection and
restoration goals (see vol. 2, box 4-A), water-use-
efficiency goals, strategies for controlling point-
source and non-point-source pollution, and both
water-quantity and water-quality concerns gener-
aly, could create the institutional capability and
flexibility to anticipate and plan for climate
change. Such planning could be especially valu-
able for finding creative ways to resolve current
conflicts in which landowner and development
interests chafe at restrictions on use of wetlands,
while environmental interests decry the continued
loss of wetlands (see val. 2, ch. 4 and box 4-B).
Another major target of opportunity is the
upcoming reauthorization of farm programs in the
1995 Farm Bill. The next reauthorization cycle
could provide a forum for considering how to
enhance farmers' flexibility and effectiveness in
responding to a changing climate and how climate
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change may affect Federa expenditures on disas-
ter assistance and farm commodity programs (see
val. 1, ch. 6).

1 New Targets of Opportunity

In addition to the reauthorization of existing
laws, Congress regularly considers atogether
new legislation creating programs for existing or
new agencies of Government. A program of po-
tentially great significance on the horizon is
Interior Secretary Babbitt's proposal to create a
National Biological Survey (seeval. 2, box 5-L).
Legislation to establish the Survey has been
introduced in both the House and Senate, and a
National Research Council committee has been
asked to offer advice on the formation and role of
the Survey. The nature, mandate, resources, and
overall purposes of the National Biologica Sur-
vey, however, are still very much in the process of
development. The bills introduced in Congress
thus far to establish the Survey give only a very
general description of its functions. Thus, there
exists an opportunity to shape the content and
direction of this new ingtitution in ways that
would be useful to the management of natura
resource systems in a changing climate.

The rationale frequently offered by Secretary
Babbitt for creating a National Biological Survey
is its potential, by cataloging the biological
resources of the Nation and monitoring their
status and trends, to avert future **train wrecks, ’
that is, the disruptive and wrenching conflicts
between conservation and development goals. A
“*train wreck’ of another sort could take the form
of severe adverse impacts on our natural resources
from climate change for which we were unpre-
pared. A National Biological Survey could help
detect, evaluate, and prepare for that climate
change. Thus, an important opportunity exists to
structure the mission and capabilities of the
Survey so that it can contribute to the early
detection of indicators of climate change, a better
understanding of the ahility of organisms and
natural communities to respond to climate changes,

and the design and management of a system of
preserves best able to achieve the purposes for
which they were established. Careful congres-
sional attention now to these detailsin the design
of a National Biological Survey could yield mgjor
returns in the future (see val. 2, ch. 5).

0 Existing Statutory Language

Of the many Federal statutes pertaining to the
management of the natural resource systems
discussed in this report, only one-the Coastal
Zone Management Act (CZMA; P.L. 92-583 )--
explicitly addresses climate change and its poten-
tial consequences. The 1990 amendments to that
law required that possible sealevel rise resulting
from climate change be anticipated and addressed
in State coastal zone management plans (see vol.
1, ch. 4). Congress could extend this legislative
precedent to other statutory arenas, here, we
attempt to identify which statutes may be most
appropriate for this.

None of the statutes governing the various
natural resource systems discussed throughout
the full report precludes the agencies responsible
for their management from fully considering
climate change. Existing grants of authority are
sufficiently general and open-ended to allow an
agency, on its own initiative, to examine the
implications of climate change for the natura
resources under its jurisdiction and to tailor its
management of those resources accordingly.
The question, therefore, is whether Congress
wishes to supplement the existing legislative
framework with explicit directives pertaining to
climate change.

Several categories of legislation may be espe-
cialy appropriate for considering possible climate-
change-related amendments. First among these
are statutes, such as CZMA, that require long-
range planning for the management of natural
resources. For example, the Rangeland and
Renewable Resources Planning Act of 1974
(RPA; P.L. 93-378) requires the preparation of a
forest “resource planning assesment’ that 1ooks
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50 years into the future. Similarly, the Clean
Water Act requires preparation of area-wide
waste treatment plans that look two decades into
the future, a planning horizon also found in the
Pacific Northwest Electric Power Planning and
Conservation Act (P.L. %-501). In general, the
longer the time frame over which management is
to be planned, the greater the likelihood that
climate change may affect the resources being
managed. Thus, mechanisms to ensure that cli-
mate change is taken into account when long-
range plans are being developed and to ensure that
plans can be revised as new information about the
direction and magnitude of climate change be-
comes available are clearly desirable.

A second statutory area, where it is especially
important to ensure that potential climate change
is considered is long-term public or private
investments affecting natural resources. Examp-
les include public land acquisition for parks,
wildlife refuges, and the like (see val. 2, box 5-C).
Historically, such public land acquisitions have
been viewed as permanent investments, with the
intention of keeping the areas acquired in public
ownership in perpetuity. The expectation implici-
tly accompanying these investments has been
that the areas acquired would, with appropriate
management, continue to provide the environ-
mental and recreational benefits for which they
were acquired indefinitely into the future. Cli-
mate change introduces a new uncertainty about
the validity of this expectation. At the very least,
it suggests the need for a more careful examina-
tion of whether particular acquisitions are, in fact,
likely to continue to provide the environmental
benefits that they provide today.

Somewhat similar are public or private in-
vestments in dams and other water-resource-
development projects. Public projects are gov-
erned by the Water Resources Planning Act (P.L.
89-80) and private ones are licensed pursuant to
the Federal Power Act (P.L. 102-486). The
implicit assumption underlying both has always
been that hydrological models based on past
climate will accurately predict future conditions

as well. The possibility of climate change casts
doubt on the continuing validity of that assump-
tion and may warrant statutory revisions explic-
itly requiring water resource planning agencies
and Federal regulators to factor climate change
into their decisionmaking.

A third statutory arena relevant here includes
those laws that require an evacuation of the
expected environmental impacts of planned
actions. Foremost among these laws is the Na-
tional Environmental Policy Act (NEPA; P.L.
91-190); similar, though less far-reaching, laws
include the Fish and Wildlife Coordination Act
(P.L. 85-624) and the Endangered Species Act
(P.L. 100-707). Under these and similar laws,
expectations of the environmental impacts of
planned actions may vary, depending on whether
a constant or changing climate is anticipated.
Legislative direction could provide useful guid-
ance to agencies with respect to their duties to
consider climate change possibilities in implem-
enting their responsibilities (see, for example,
val. 2, box 5-D).

A fourth set of laws that warrant discussion
consists of those that authorize research pro-
grams. The Clean Water Act and the Rangeland
and Renewable Resources Planning Act are
examples. Asthis report makes abundantly clear,
there are many uncertainties about climate
change, including its magnitude, its direction, and
its impact on natural resource systems. Natural
resource management will require research aimed
at resolving many of today’s uncertainties. Re-
flecting that need in the legislative description of
the various research missions may serve to
underscore the importance of this area of inquiry.
Each resource chapter highlights important re-
search options to consider.

Finally, the Science Policy Act of 1976 (P.L.
94-282), which established the Office of Science
and Technology Policy (OSTP) and the Federal
Coordinating Council on Science, Engineering,
and Technology (FCCSET), could be amended to
strengthen the ability of these offices to coordi-
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nate science and ecosystem management across
agencies.”These offices have the authority to
develop and implement coherent, government-
wide science policy and have been the mechanism
for coordinating several multi-agency programs.
However, OSTP has not always been an active or
influential player in the executive branch, and
FCCSET lacks the authority to set priorities,
direct policy, and fully participate in the budget
process (17, 51). FCCSET acts largely as a
fulcrum for coordination. Agency participation in
FCCSET projectsis voluntary, and FCCSET has
no authority over how participating agencies
spend their funds. Congress could amend
P.L. 94-282 to change this. Similarly, the U.S.
Global Change Research Act of 1990 (P.L.
101-606) could be amended to require periodic
integrated assessment reports to be presented to
Congress and to specify key participants in the
assessment process.

SUMMARIES AND FIRST STEPS FOR
EACH RESOURCE CHAPTER

B The Coastal Zone

The coastal zone is a complicated area that
includes both human-made and relatively ‘undis-
turbed” features, ranging from densely settled
urban areas to cypress swamps (see vol. 1, ch. 4).
Populations in coastal areas are growing faster
than in any other region in the United States, and
the construction of buildings and infrastructure to
serve this growing population is proceeding
rapidly. Consequently, protection against and
recovery from hazards peculiar to the coastal
zone, such as hurricanes and sea level rise, are
becoming ever more costly (163). The combina-
tion of popularity and risk in coastal areas has
important near-term consequences for the safety
of coastal residents, the protection of property, the

maintenance of local economies, and the preser-
vation of remaining natural areas (see fig. 1-4).

The expected climate change impacts are likely
to exacerbate problems that already plague the
coastal zone (66). Sea level rise will substantially
increase flooding and erosion in areas already
vulnerable. Coastal storms-whether or not they
increase in intensity or frequency under a chang-
ing climate-will have increasingly greater ef-
fects as sealevel rises.

The coastal areas most vulnerable to the effects
of climate change are those with low relief and
easily eroded shorelines-such as those in the
Southeast and Gulf Coasts-and those where the
coastline is already subsiding, such as in
Louisiana (52). Structures close to the ocean in
low-lying areas are also vulnerable.

Barrier islands provide protection for coastal
ecosystems and help stem erosion. In some cases, such
as this barrier island near Tampa, Florida, these
islands have been heavily developed, exposing many
communities to the risks of serious damage from
storms and high seas.

9 OSTP was established to “define coherent approaches for applying science and technology to critical and emerging national and
Mternational problems and for promoting coordination of the scientific and technological responsibilities and programs of the Federal

departments and agencies in the resolution of such problems,”

and FCCSET was established to ‘‘provide more effective planning and

administration of Federal scientific, engineering, and technologica programs’ (P.L.94-282, the Science Policy Act of 1976).
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Figure 1-4--An Assessment of Coastal Hazards: Texas and Louisiana
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(Reston, VA: USGS, 1985). -
Although development pressures in coasta
areas are driven by many social and economic
trends, government policies can influence the
appropriateness, rate, quality, and location of
development. The current system of alocating
the costs of preventing or repairing climate-
related damage in the coastal zone among Fed-
eral, State, and local governments and private
entities encourages certain types of risky develop-
ment, or at least does not discourage them (11).
Climate change will likely add to the risks and
costs of living in the coastal zone. It is essentia
that all stakeholders, such as property owners,
understand them and that coastal development
and preservation are guided by this understand-
ing. The sooner policies are in place that encour-
age an adequate appreciation of risk, that offer
sufficient incentives to take adeguate precautions,
and that attempt to overcome the organizational
fragmentation that makes a unified approach to

coastal climate change issues impossible, the
easier and less costly adaptation to a changing
climateislikely to be.

The Federal Government has an interest in
promoting sound planning and public safety in an
effective and efficient manner. Federal coastal
zone policies can be improved in many ways to
better guide the decisions of those living in
coastal areas, and a suite of options for doing so
is presented in volume 1, chapter 4. We focus on
five genera categories in that chapter: revamping
the National Flood Insurance Program (NFIP),
improving disaster-assistance policies, revising
the Coastal Barrier Resources Act (P.L. 97-348)
and the Coastal Zone Management Act, changing
beach-renourishment guidelines, and altering the
U.S. Tax Code.

To help focus on where to start with responses

to climate change in the coastal zone, some first
steps that could be taken are listed below.
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« Revamp the National Flood Insurance
Program. The National Flood Insurance Pro-
gram could be revised to provide stronger
incentives to reduce the potential costs
associated with high-risk development in
coastal areas. Congress has been considering
revising the NFIP for severa years, and bills
to do this have been introduced in both the
House and Senate. H.R. 62, the “National
Flood Insurance Compliance, Mitigation,
and Erosion Management Act of 1993
contains provisions that partially address
some of the NFIP improvements that maybe
desirable. Most pressing is the need to
adequately address erosion along the coast.
Erosion losses will increase with rising sea
levels. The Federal Emergency Management
Agency does not now have the authority to
map erosion risks or to reflect such risksin
insurance premiums, and as a consequence,
information and incentives to avoid develop-
ment in eroding areas are inadequate. Also,
it seems especially desirable to increase
insurance premiums after multiple claims are
made on properties in high-risk areas subject
to repeated flooding.

« Improve disaster assistance. Severa bills
have also been introduced in the 103d
Congress to revise disaster-assistance poli-
cies and regulations. More stringent disas-
ter mitigation by States and localities
could be required, which could hold down
future costs to the Federa Government.
This could be accomplished by more strongly
tying disaster assistance to adoption of
mitigation measures. H.R. 935, the “Earth-
guake, Volcanic Eruption, and Hurricane
Hazards Insurance Act of 1993, ” for exam-
ple, would establish minimum criteria for
reducing losses, recommends such measures
as fisca incentives to reduce losses, provides
for low-interest loans or grants to retrofit
facilities vulnerable to hurricanes, and pro-
vides guidelines for establishing actuaria
premium rates for disaster insurance. S. 995,

the “Federal Disaster Preparedness and Re-
sponse Act of 1993, would establish, among
other things, a grant program and accompa
nying performance standards to help States
prepare for, respond to, and recover from
major disasters.

« Strengthen coastal zone management.

The Coasta Zone Management Act will
be up for reauthorization in 1995, and
this provides an opportunity to require
stronger State controls on risky develop-
ment. Such controls could include, for
example, an erosion-setback program
(already adopted by several States), re-
restrictions on construction of immovable
buildings, a relocation-assistance program,
restrictions on rebuilding damaged or de-
stroyed structures in high-risk locations, and
adoption of minimum coastal-construction
standards. All of these controls would add
some degree of protection against sea level
rise and flood or storm damage. Another
possibility for reducing risks of living on the
coasts would be to encourage States to adopt
coastal-hazards-management programs.
These could be overseen jointly by the
National Oceanic and Atmospheric Ad-
ministration and the Federa Emergency
Management Agency.

« Promote public education. The public gen-

eradly is not well-informed about the risks
associated with living in coastal areas, and
this lack of awareness has led and will
continue to lead to large public and private
expenditures. H.R. 935 provides one possi-
bility for expanding public education. The
act authorizes education programs and
provides funds to States to implement
them through a self-sustaining mitigation
fund. The private sector, particularly the
private insurance industry, could also play an
important role in increasing awareness of
coastal hazards.

» Require increased State and loca contri-

butions to beach-nourishment operations.
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Most benefits of the U.S. Army Corps of
Engineer’s beach nourishment and shoreline-
protection projects are realized at the local or
regional level, yet these projects are often
heavily subsidized. In most instances, the
Federal share is 65 percent. Greater State
and local contributions could be required,
both for initial construction and for main-
tenance, and Federal funding could be
made conditional on adoption of stronger
mitigation measures. These adjustments
would tend to increase the interest of local
governments in acting to limit community
exposure to coastal hazards.

B Water Resources

Many factors are straining the Nation's water
resources and leading to increased competition
among a wide variety of different uses and users
of water (see val. 1, ch. 5). Human demands for
water are increasingly in conflict with the needs
of natural ecosystems, and this hasled to signifi-
cant water-quality and water-quantity problems
(see val. 1, box 5-B). In addition, water infrastruc-
ture in many urban areas is aging.

Although it is unclear exactly how climate
change will affect water resources, climate
change has emerged as another important factor
to consider in water resource planning. Changes
in water availability as a result of climate
change could further affect aready overbur-
dened systems, and changes could occur in the
frequency, duration, and intensity of floods
and droughts (105). The areas that are most
vulnerable to climate change are, not surprisingly,
places that are already experiencing stressed
water resources (see fig. 1-5), such as many parts
of the Southwest and South Florida; the central
part of the country, which most models predict
will become hotter and drier; and areas where
competition for water is expected to increase.

The country faces a huge chalenge in adapting
its water resource systems to the many current and
potential stresses. The numerous impediments to

this adaptation include the fact that traditional
engineering solutions for developing additional
water supplies-such as dam construction-have
become prohibitively expensive and politically
less acceptable because the best sites have aready
been developed. Federal agencies’ responsibili-
ties for water often overlap or conflict, and
coordination among different levels of gover-
nment on water issues is often inadequate (166)
(seeval. 1, box 5-F). Many institutional arrange-
ments for the management and allocation of water
resources are rigid and inefficient, making them
ill-equipped to cope well with water scarcity. And
there are very few incentives to conserve water.

Water resource planning is a complex political,
economic, sociological, scientific, and technolog-
ical endeavor, so adaptation to change will not be
straightforward. In encouraging adaptation to
changes in water resources caused by climate
change, the Federal Government, in cooperation
with State and local agencies, should focus on
encouraging five types of activity: improving
demand management (e.g., through pricing re-
form and conservation); improving supply man-
agement (e.g., through improving coordination,
jointly managing ground- and surface-water sup-
plies, and improving the management of reser-
voirs and reservoir systems); facilitating water
marketing and related types of water transfers;
improving planning for floods and droughts; and
promoting the use of new analytical tools that
enable more efficient operations.

The following first steps toward improving
water resources planning and management—
selected from a longer suite of options presented
in volume 1, chapter 5—are intended to both
relieve existing stresses and make sense for
climate change.

« Improve extreme-events management.
Despite all efforts to date, both floods and
droughts continue to cause significant losses
to human and natural systems (143, 200).
Greater coordination of the many agen-
cies with flood- or drought-related re-
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Figure 1-5-Water Withdrawals and Consumption in the Coterminus United States, 1985
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sponsibilities is needed. Congress could
direct the executive branch to create high-
level coordinating bodies, such as an inter-
agency drought task force and a nationa
flood-assessment board. Such bodies could
be given the responsibility to develop a
national drought policy and to establish
national goals for floodplain management.
The “National Flood Insurance Compli-
ance, Mitigation, and Erosion Management
Act of 1993" (H.R. 62) calls for establish-
ment of a flood-insurance task force. This
bill could also be broadened to create a more
comprehensive flood-assessment board.

Make it easier to manage reservoirs on a
basin-wide level. Operating reservoirs within
the same basin as a single system rather
than individually (as is often the case)

could greatly improve the efficiency and
flexibility of water-quantity management.
New legislation, perhaps as part of the next
omnibus water bill, could grant the Army
Corps of Engineers and the Department of
the Interior’ s Bureau of Reclamation greater
flexibility to manage their reservoirs basin-
wide and thus encourage development of a
more integrated approach to waterquality,
wetland, flood, and drought management.

Support water marketing. As long as
adeguate attention is given to protecting
al affected parties, water markets could
provide an efficient and flexible way to
adapt to various stresses, including a
changing climate. It would be very useful
for Congress to clarify reclamation law on
trades and transfers and define the Federal
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Government’s interest in facilitating the
creation of markets (193). Congress could
urge the Department of the Interior to
provide stronger leadership to assist with
water transfers, and water marketing could
be thoroughly evaluated as part of the
Western Water Policy Review, authorized in
late 1992.

« Promote the use of new analytical tools.
Further development, dissemination, and
use of new modeling and forecasting tools
could greatly enhance water resource
management. Some current analytical ef-
forts have not been adequately funded, and
the most advanced tools now available are
not yet being used by many States or water
utilities. Small investments in promoting
dissemination and use of these tools today
could save substantial sums later. Section 22
of the Water Resources Development Act of
1974 (P.L. 93-251) authorizes funding for
training and technical assistance to States
and could be used to promote the adoption of
the new tools. Congress could also consider
providing funds to develop or refine tools
that incorporate climate uncertainty into
traditional hydrologic analyses.

= Promote demand management. The up-
coming reauthorization of the Clean Water
Act is one potential target of opportunity
for improving water-use efficiency (see
vol. 1, box 5-C). Congress could consider
making conservation projects eligible for the
State revolving-fund loans created under the
act to fund wastewater treatment plants. The
Federal Government could set an example
by adopting efficient water-use practices in
its own facilities. The Energy Policy Act of
1992 (P.L. 102-486) requires that Federa
facilities adopt conservation practices to the
extent practicable, but it concentrates pri-
marily on energy conservation. A technical-
adjustment bill to the Energy Policy Act
could be considered in the 103d Congress
and would provide a way to clarify and

underline congressional intent toward water
conservation in Federal facilities.

» Expand the scope of the Western Water
Policy Review. With the enactment of Title
30 of the Reclamation Projects Authoriza-
tion and Adjustment Act of 1992 (P.L.
102-575), Congress authorized the President
to oversee a major water-policy study. Title
30 directs the President to undertake a
comprehensive review of Federal activities
that affect the alocation and use of water
resources in the 19 western States and to
report findings to appropriate congressional
committees by the end of October 1995
(190). Climate change is not mentioned as
a factor motivating the Western Water
Policy Review, but the study could pro-
vide an opportunity to assess more fully
how climate change may affect water
resources and to evaluate policy options
that might help with adaptation to a
warmer climate. Congress could expand
the scope of the Review beyond the West, or
it could authorize a similar follow-on study
of eastern water issues. The Review could
also provide an opportunity to explicitly
consider land-use practices and water re-
source issues jointly. The relationship be-
tween the two is close, and there appear to be
significant opportunities to improve both
water-quantity and waterquality managem-
ent by improving land-use practices.

1 Agriculture

Agriculture in the United States is an inten-
sively managed, market-based natural resource.
Throughout the world, agriculture has adapted
continuously to the risks associated with normal
climate variability, just as it has adapted to
changes in economic conditions. The American
agricultural sector will undoubtedly make further
adaptations in response to climate changes, with
market forces rewarding and encouraging the
rapid spread of successful adaptation (30, 41,
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148). Just what these adaptations will be and what
public actions could be taken to encourage them
are addressed in detail in volume 1, chapter 6, of
this report.

The possible effects of climate change on
agriculture are difficult to predict. Agricultura
productivity is likely to be affected worldwide,
which would lead to aterations in the regional
distribution and intensity of farming (1, 188). The
range over which major U.S. crops are planted
could eventually shift hundreds of miles to the
north (13, 150) (see vol. 1, box 6-C). For
American farmers, aready facing increasingly
competitive and growing world markets, any
relative decline in productivity compared with the
rest of the world would mean lost markets (40). A
significant warming and drying of the world's
climate might lead to an overall decline in
agricultural yields (75, 150). Consumers would
bear much of the cost through higher food prices
or scarcities. Some individual farmers might still
benefit through locally improved yields or higher
prices,; others might suffer because of relatively
severelocal climate changes. Rapid geographical
shifts in the agricultural land base could disrupt
rural communities and their associated infrastruc-
tures.

If the United States wants to ensure its compet-
itive position in the world market and meet the
growing demands for food without higher prices,
public efforts to support the continued growth in
agricultural yields remains necessary. Climate
change adds to the importance of efforts to
improve the knowledge and skills of farmers, to
remove impediments to farmer adaptability and
innovation, and to expand the array of options
available to farmers (157). Efforts to expand the
diversity of crops and the array of farm technolo-
gies insure against a future in which existing crop
varieties or farming systems fail (137) (see vol. 1,
box 6-H). Efforts to enhance the adaptability of
farmers-to speed the rate at which appropriate
farming systems can be adopted-lower the
potentially high costs of adjustment to climate
change.

This soybean field shows the devastating effects of
droughts. The farmer indicates how tall soybean
plants would normally be. Warmer climates could lead
to an increase in both number and severity of droughts.

Impediments to adjusting to climate change are
numerous (see vol. 1, box 6-1). Water shortages
will probably limit the potential for compensating
adjustments in certain regions. The uncertainty of
climate change makes effective response diffi-
cult, as do limitations on the availahility of
suitable crops and agricultural practices. The
decline in the Federal Government’s interest in
agricultural research and extension is also a
problem (138, 174); more-vibrant research and
extension programs could enhance adaptability.

Certain agricultural programs may increase the
costs associated with a changing climate (90).
Because the commodity programs link support
payment to maintaining production of a particular
crop, they could inadvertently discourage adjust-
ments in farming. Disaster-assistance programs
may become increasingly costly under a harsher
climate, and, if not well designed, may tend to
discourage farmers from taking appropriate cau-
tionary actions to reduce exposure to climate
risks. Restriction on the marketing of conserved
water may limit the incentive for efficient use of
scarce water resources.
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The most pressing tasks concerning agricul-
ture and climate change that the Federal
Government should undertake are: improv-
ing technology and information transfer to
farmers in order to speed adaptation and
innovation in farm practice; removing the
impediments to adaptation created unneces-
sarily by features of commodity support and
disaster-assistance programs; and supporting
research and technology that will ensure that
the agricultural sector can deal successfully
with the various challenges of the next century.

The Government could organize its approach
around the following first steps, which should
increase the ability of the farm sector to adjust
successfully to a changing climate.

= Revise the commodity support programs.
Congress addresses farm issues every 5
years in omnibus farm bills, with the next
one likely to be debated for passage in 1995.
The annual budget-reconciliation process
and agricultural appropriations bills offer
intermediate opportunities for revisions in
commodity support programs. Commodity
support payments are linked to the continued
production of a single crop. If a farmer
significantly changes crops, support pay-
ments will be reduced. This link discourages
the responsiveness of farmers to changing
market and climate conditions. The cumula-
tive economic costs of even temporary
delays in adjusting to climate change might
prove to be large. Congress should consider
breaking the link between farm support and
the production of a single crop. A further
increase in flex acreage (an amount of land
that can be shifted to new crops with little
penalty) or other more substantial revisions
in the commodity support programs that
would allow greater flexibility in crop
choice (42) could be considered in the 1995
reauthorization of the Farm Bill. These
changes would increase the ability of farm-
ers to adapt to climate change.

m Encourage research and development in

computerized farm-management systems.
The competitiveness of the farm sector will
increasingly depend on advances that imp-
rove the efficiency of U.S. farmers-rather
than on further increases in intensity of input
use. Computerized farm-management sys-
tems include land-based or remote sensors,
robotics and controls, image analysis,
geographical information systems, and
telecommunications linkages packaged into
decision-support systems or embodied in
intelligent farm equipment. Such systems
will be increasingly important to the farmer’s
ability to increase yields, control costs, and
respond to environmental concerns. The
U.S. Department of Agriculture’'s Agricul-
tural Research Service already provides
leadership in this area and has proposed an
“‘Integrated Farm Management Systems Re-
search’ program that would provide for the
development and broader use of technolo-
gies that have the potential to greatly en-
hance the efficiency of farming and to
increase the flexibility with which farmers
can respond to climate conditions.

Use the 1995 Farm Bill to modify disaster-
assistance programs. Since the late 1970s,
Congress has been considering how to best
structure the crop-insurance and disaster-
payment programs (20, 21). After aflurry of
proposals and studies before the passage of
the 1990 Farm Bill, the programs were left
essentially unchanged. Major revisions are
likely to be considered in the 1995 Farm Bill.
The best option for revising these programs
remain unclear. For the purpose of preparing
for climate change, any program that
provides a greater incentive for farmers
or local communities to reduce their
exposure to risk should lessen the poten-
tial for large-scale future losses and en-
courage adaptation to changing climate
risks. Features of a restructured system
might include: defining disasters formallv,
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with assistance provided only for statisti-
cally unusual losses; eliminating either crop
insurance or disaster payments (or merging
the two programs) so that one does not
undercut the incentives to participate in
the other; limiting the number of times a
farmer could collect disaster payments; and
requiring farmers or farm communities to
contribute to a disaster-payment fired, thus
providing a greater incentive to reduce
exposure to risks.

| Wetlands

More than half of the Nation's wetlands have
been destroyed by activities ranging from agricul-
ture to flood-control projects to urban develop-
ment. Roughly 5 percent of the lower 48 Statesis
currently covered by wetlands (see val. 2, ch. 4).
They provide diverse products of considerable
commercial value, playing a key role in the
production of goods such as finish, shellfish, fur,
waterfowl, timber, blueberries, cranberries, wild
rice, and peat. Wetlands also nurture biological
productivity, slow surface-water flows, and trans-
form nutrients and toxic chemicals. Wetlands are
key to the harvest of 75 percent of the Nation's
fish and shellfish and harbor about one-third
of the Nation's threatened and endangered spe-
cies (83).

As aresult, in 1989, the Federal Government
embraced the policy goal of no net loss of
wetlands-any destruction of wetlands should be
offset by an equivalent restoration or creation of
wetlands (28, 184). Steps to achieve this goal,
however, have not been fully implemented. Part
of the problem is that no single Federal statuteis
directed at protecting, restoring, and acquiring
wetlands, and there is no coordinated effort to
monitor and evaluate wetlands. Different authori-
ties with different goals are scattered across
many Federal and State agencies, and the criteria
they use for decisionmakingre somewhat inconsis-
tent. Federal policies have sometimes failed to
discourage--and sometimes have encouraged—

wetland destruction (179). Few programs for
wetland acquisition and restoration address
the possibility of climate-induced ateration of
wetlands.

Climate change is likely to accelerate the loss
of wetlands, especialy of the following highly
vulnerable types. coastal wetlands, depres-
sional wetlands in arid areas (i.e., inland
freshwater marshes and prairie potholes),
riparian wetlands in the arid West and South-
west, and tundra wetlands. Coastal wetlands
may be drowned by a rising sea or atered by
changing salinity (123, 194, 198). Depressional
wetlands are susceptible to the lowered water
tables that will likely result from the higher
temperatures, increased evaporation, and de-
creased summertime precipitation predicted for
these already dry areas. Riparian wetlands in the
arid West, which rely on water flowing through
rivers and streams, could also be threatened by
drier conditions. Tundra areas in Alaska may
shrink as increased temperatures alow the perma-
frost to thaw and drain.

Whether or not a no-net-loss goal can be
achieved as the effects of climate change become
more pronounced, the goal remains a useful focal
point for policy makers (1 14). Wetlands are a
diminishing resource, and the Federal Gov-
ernment could play a lead role in ensuring that
wetlands survive climate change by adopting
the following objectives. protect existing wet-
lands, restore degraded or converted wetlands,
facilitate migration (e.g., the upslope move-
ment of coastal wetlands as sea level rises), and
improve coordinated management and moni-
toring.

Given the available policy levers (regulation
and acquisition, incentives and disincentives, and
research), limited money to fired programs, and
the level of scientific understanding of the im-
pacts of climate change on wetlands, we identi-
fied the following strategies as first steps to use in
responding to climate change and the threats it
poses to wetlands. Additional options are as-
sessed in volume 2, chapter 4.
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U.S. FISH AND WILDLIFE SERVICE

Prairie potholes, like these in North Dakota, serve
valuable storm-water-retention functions and provide
breeding and stopover habitat for migratory
waterfowl. Agricultural development, encouraged in
part by Federal subsidies, has eliminated many of
these wetland. Climate change may pose further risks
if moisture declines or if farming intensifies with a
warming in these northern lands.

» Revise the Clean Water Act. The act is up
now for reauthorization, and it could be
revised to improve wetland protection (169).
This could be done through minor revi-
sions or through transforming the act into
a broad wetland-protection and watershed-
management act. For example, the mitiga-
tion requirements could be clarified to en-
sure that lands set aside for protection or
restoration more than compensate for wet-
lands that are destroyed. Congress could
establish uniform standards for mitigation
activities and require that restoration proj-
ects be monitored and evaluated for success
in meeting these standards. At a broader
level, Congress could devise a mechanism
for coordinated management of water qual-
ity and wetland resources at a regional or
watershed level. For example, regulations
covering non-point-source water pollution
might be linked to wetland protection, al-
lowing wetland restoration or protection in
exchange for relaxation in pollution-control
requirements (127).

» Develop and implement a priority plan to

coordinate wetland protection across agen-
cies. Di rect Federa agencies to develop and
implement uniform regiona plans guiding
wetland protection, acquisition, mitigation,
and restoration and to coordinate the desig-
nation of wetlands deemed high priority for
protection or restoration. These priority plans
could be built on existing plans under
various agencies (e.g., the Army Corps of
Engineers, the Environmental Protection
Agency, DOI'S Fish and Wildlife Service,
and the U.S. Department of Agriculture) that
now set priorities for wetland management
and acquisition. With better coordination
and guidance and a watershed-management
focus, existing programs could accomplish
wetland protection more efficiently.

= Ensure that al Federal policies and incen-

tives are consistent with wetland protec-
tion. Congress could ensure that all Federa
policies and incentives are consistent with
wetland protection, reviewing Federal pro-
grams to find and eliminate those that offer
incentives to destroy wetlands and to per-
haps bolster programs that encourage wet-
land protection. For example, the Coastal
Barrier Resources Act (P.L. 97-348, as
amended) might be extended to include
coastal wetlands; funding for the Wetlands
Reserve Program might be restored to at
least authorized levels and targeted to wet-
lands in high-priority areas. The Fish and
Wildlife Service could be required to com-
plete and issue the report on the impact of
Federal programs on wetlands that was
mandated in the Emergency Wetlands Re-
sources Act of 1986 (P.L. 99-645).

= Conduct research, development, monitor-

ing, and evaluation in key areas. A new
National Biological Survey at the Depart-
ment of the Interior could incorporate wet-
land monitoring as part of its mission (see
vol. 2, ch. 5). Relevant agencies should be
encouraged to include wetland research in
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their component of the U.S. Global Change
Research Program (USGCRP).

B Federally Protected Natural Areas

Over 240 million acres of land have been set
aside by the Federal Government to protect some
part of nature for generations to come. These
lands represent and protect the best of the
Nation's natural heritage and have become a
source of national pride. Chapter 5 of volume 2
focuses on National Parks, Wilderness Areas, and
National Wildlife Refuges, which comprise the
bulk of the Federal lands held primarily for nature
conservation.

Because a variety of human activities has
altered or degraded the habitat for many species,
federally protected natural areas have become
repositories for the Nation's rarest species and
sites for conserving biological diversity (181,
185). Protected natural areas are also subject to
increased stress from activities that occur both
within and outside their boundaries. Natural areas
are being effectively dissected into smaller and
smaller parts in some places-especidly in the
East-leaving them more vulnerable to other
stresses that could degrade habitat quality and
ecosystem health (103).

Under climate change, the climate “map”
that has helped to shape natural areas will shift
while the boundaries that define the manage-
ment and degree of protection for natural
areas will remain fixed (see fig. 1-6). As a
result, the biological makeup of the protected
natural areas will change. Some may become
incapable of providing the benefits or serving the
functions for which they were originaly estab-
lished, such as maintainingg their unique or
distinctive character, providing protection for rare
species and other biological resources, and main-
taining the quality or availability of other serv-
ices, such as nature study or certain kinds of
recreation (see vol. 2, box 5-B).

Figure 1-6-Preserves and Climate Change

Southern range limit

New southern
range limit

Old southern range limit

NOTE: As climate changes, the preferred range of many species may
shift, leaving preserves dramatically changed.

SOURCE: Office of Technology Assessment, 1993.

certain general characteristics of protected
natural areas may make them more vulnerable to
climate change, such as being small, isolated,
fragmented, or already under considerable stress,
and containing sensitive species or ecosystems,
such as coastal, alpine, or Arctic ecosystems or
midcontinent wetlands (67, 133, 188). If climate
change leads to accelerated habitat loss or pro-
ceeds so quickly that some species cannot adapt
quickly enough, species loss may accelerate, and
overal biodiversity will decline (29, 196).

Even if species can move fast enough, adapta-
tion by migration may be difficult because in
many places, the landscape has been sectioned off
into small pieces. Some natural areas are islands
in the middle of extensively developed areas.
Geographic fragmentation may limit the ability of
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Box I-G-Climate Change in Alaska: A Special Case

Nowhere in the United States does there remain such a vast expanse of land so undisturbed by human activity
as in Alaska. Because of its distinctive character, pristine conditions, and abundant natural resources, Alaska has
become a national treasure. Nearly 66 percent of Alaska’s land base is protected in wilderness areas, National
Wildlife Refuges, National Forests, or public lands administered by the Bureau of Land Management (BLM). Alaska
contains some 170 million acres (69 million hectares)'of wetlands (over 60 percent of the Nation's total) and 330
million acres of boreal forest. Alaskan plants and animals withstand some of the harshest environmental conditions
in the world and many are unique to polar climates. Although human activities are to some extent adversely
affecting this remote environment, it remains the most wild place in the United States and is rightly referred teas
our “last frontier.”

The unique characteristics of Alaska-the natural resources, the wildlife, and the pristine, harsh
environment-affect nearly every aspect of life, including the culture and industry of those who live here. For
example, traditions of the indigenous communities are deeply rooted In the distinctive wildlife and vegetation of
Alaska. Many indigenous communities, such as the Inupiat Eskimos of Alaska’s North Slope, still rely on wildlife
and natural vegetation for subsistence. The bowhead whale is central to their culture. The whales are a major food
source and the hunts are a community tradition. Caribou and fish are other staples for Inupiats. Athapaskan
Indians, who reside mostly in the boreal forest of interior Alaska, rely heavily on the plant life there for food, housing
materials, and heating fuels (120). Fish such as salmon and whitefish are primary elements of Athapaskan
subsistence, and caribou and moose are important sources of food and clothing (120).

Alaska’s economy is also deeply rooted in its abundant natural resources, with oil and gas, fishing, and
tourism providing the base for the economy. Nearly 85 percent of the State’s revenue comes from oiland gas
exploration or development. Two of the largest oil fields in North America (Prudhoe Bay and Kuparuk fields) are
I ocated near Alaska's North Slope and provide the economic base for much of that region. Alaskan waters are
also sites of sores of the world’s most productive fisheries. The Bering Sea has the biggest fishery in the Untied
States; it is among the biggest in the world. In 1990, Alaska’s fish harvest(mostly salmon, king crab, halibut, shrimp,
and scallops) surpassed any other State’s, with more than 5.4 billion pounds (2.4 hillion kilogram&f seafood
harvested-half of all seafood harvested in the Nation. The seafood industry is also Alaska’s largest private-sector
employer, employing 23 percent of the State’s work force. In addition, Alaska's vast expanse of rugged land and
abundant wildlife have made tourism a growing and important industry there. Visitors to Alaska spent almost
$1 billion in 1989, the third largest source of income in the State. With 13,500 workers in tourist-related industries,
tourism is second only to fisheries as a source of employment

Because climate changes resulting from rising atmospheric carbon dioxide (CO0,) are expected to be
especially pronounced in Alaska and other high-latitude regions, Alaska may provide an "early warning” of initial
climate effects. In very general terms, Alaska can expect to see increased average temperatures, increased
precipitation, and melting of sea ice. The rate and ultimate severity of the climate changes is at present unknown
(67). In addition, little is known about the sensitivities of wiidlife, vegetation, ecosystems, indigenous cultures,or
the economy to any potential climate changes.

Warmer temperatures in polar regions are expected to lead to some melting of seaice. A recent study of
climate change effects on the Canadian Beaufort Sea determined that, based on a doubling of atmospheric CO,,
the open-water season could increase from an average of 2 months to 5 months, the extent of open water could
increase from about 100 miles (160 kilometersjto 300-500 miles, and maximum ice thickness could decrease

1 Toconvert acres to hectares, multiply by 0.405.

2 Toconvert pounds to kilograms, multiply by 0.454.

3 P. Carison, Alaska Division of Tourism, personal communication, September 1993.
4 To convert miles to kilometers, multiply by 1.609.
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by 50-75 percent (102). Shoreline erosion could increase significantly with a longer open-water season. Overall
biological productivity is also expected to increase in parts of the Bering Sea with an increase in temperature and
change in ice cover. Because of the drying effects of warmer temperatures, there could be an increase in the
frequency and extent of fires. Over the past three decades, fires in Alaska have increased due to warmer and drier
conditions. More fires under climate change could expand the extent of early successional vegetation favored by
moose, beavers, Arctic hares, sharptailed grouse, and other wildlife species. However, fire may adversely affect
the lichen supply in spruce forests-an important food for caribou in winter.

The most profound consequence of warming in Alaska and other polar regions maybe the exacerbation of
global climate change through the release of carbon from the permafrost of the Alaskan tundra and boreal forests.
Worldwide, tundra and boreal forests contain nearly a third of the world's soil carbon. Thawing of the permafrost
and the resulting decomposition of organic material, could release huge quantities of methane (CH,) and CO, into
the atmosphere and contribute to accelerated warming (67):Climate warming may also be exacerbated by
melting of the vast expanse of ice and snow that now reflects away considerable incoming heat Little can be done
to stem the thaw and resulting secondary climate impacts, except to slow warming by reducing human-made
greenhouse gas emissions.

Potential Losers

Indigenous cultures-Alaska’s indigenous, subsistence communities could be at risk under climate change.
Thawing of the permafrost is likely to affect supported structures such as pipelines and bridges, and roads may
be threatened if thawing weakens the soil. Many indigenous peoples use the permafrost for food-storage cellars,
so warming may threaten their ability to preserve food during summer months. Hunting the bowhead whale, an
ancient and sacred tradition for many indigenous communities on the North Slope, is linked to the extent of sea
ice. Melting of the sea ice will likely change the whale’s migration and affect access to the whales by indigenous
hunters.

Plants and animals--Nearly half of the world’s peatlands (tundra) are in North America, with nearly a third
of these in Alaska. Even a 2°F (1 °C) warming could lead to forests replacing alpine tundra on many mountains
and islands (122). Some tundra species unable to adapt to climate change might decline. Caribou populations
depend on lichens for food. The distribution of lichens is sensitive to the amount and extent of snow cover, which
will change under a warming climate. Furthermore, because caribou calving is linked to vegetation produced during
early snow melt, changes in the timing of the melt could disrupt calving.

Some 25 species of marine mammals regularly use Alaskan waters. The marine mammals most likely to be
adversely affected by climate change are pinnipeds (seals and walruses) that winter primarily in the Bering Sea,
have regular contact with ice, and are closely associated with the continental shelf or shelf edge. These include
spotted and ribbon seals, which may suffer from increased competition with other species and reduced habitat,
and Pacific walruses and bearded seals, which are ice-associated bottom feeders and are therefore tied to the
seasonally ice-covered continental shelves. Both the beluga and bowhead whales are associated with sea ice,
but they may not be significantly affected by melting because they do not depend on ice cover to protect and
nurture their newborn.

Perhaps the higgest unknown impact of climate change is how it will affect fish populations and the fishing
industry. Variations in stock size and species abundance appear to be correlated with periodic variability of ocean
temperature, but are not completely understood. For example, huge fluctuations in groundfish stocks occur now.’
Many scientists believe that overfishing will remain the primary concern for Alaskan fisheries (122). However,

5 Recent measurements indicate that the tundra of the North Slope of Alaska has in fact changed from a
‘(sink” to a “source” of CO,with the warming trend seen In Alaska over the past few decades (125).
6 V. Alexander, Dean, School of Fisheries and Ocean Science, University of Alaska at Fairbanks, personal

communication, May 27, 1993.
(Continued on next page)
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Box 1-G--Climate Change in Alaska: A Special Case--(Continued)

considering the importance of fishing to the Alaskan economy, the potential for loss under climate change is
Significant
Potential Winners

Oil and gas industry-Reduction of the sea ice could allow the use of less expensive offshore structures
and would reduce the costs of marine transportation. Some speculate that the opening up of the Northwest
Passage would offer a shortcut for shipping from Europe to the Pacific Rim but Alaskan ports probably would not
participate significantly in thist raf fi c.

Plants and animals--In general, plant life is likely to benefit from an increase in temperature, though the
composition of forests and other vegetated areas will likely change. Some boreal forest species, such as white
spruce and birch, are likely to expand northward.Others, such as red and yellow cedar, may be less able to migrate
because of the rugged terrain, low genetic variability, and slow dispersing ability. Some migration is already
happening-white spruce ranges have been expanding over the past 40 years. Expansion of white spruce into
boreal forests may eventually be important for timber harvests.

Most wildlife species, including polar bears, moosemusk-oxen, mountain sheep, most marine mammals, and
many birds (e.g., grouse, raptors, owls, and migratory birds), will likely benefit from increased temperatures and
increased productivity in vegetation. These benefits might be stemmed by losses of tundra wetlands, increases
in disease spread, or changes in species assemblages that would result in changed predation patterns. Most birds
will likely benefit from having more forage, more insects, and a longer season during which to rear their young.
Omnivores such as bears should respond favorable to achanging climate because of the longer availability of
green vegetation in the spring. Other forbearers and carnivores should increase in response to larger prey
populations unless they are controlled by hunting, trapping, or other human activities.

Tourism--Higher temperatures are likely to benefit the tourism industry, although vigorous advertising by
the State has almost certainly had more impact on theindustry in recent years than has its climate. increased
wildlife populations will probably attract more hunters, hikers, and campers.However, increased tourism could also
mean more impacts on the environment that is so important to indigenous, subsistence communities.

species to find new habitat-they may have no
place to go (34).

Natural areas in the West are currently much
larger and much less fragmented than they arein
the East. However, the institutions that manage
these lands are designed to manage only their own
parcels-in isolation-and are not encouraged to
consider the often more extensive natural ecologi-
cal system. This compartmental approach to
management, or institutional fragmentation, may
prevent effective solutions to problems that tran-
scend individual management parcels, such as
those posed by climate change (64, 92).

The main challenge for policy is to maintain
the high value of the system of natural areas while
realizing that climate change may affect the very

factors that make natural areas valuable: charac-
ter, species protection, and environmental serv-
ices. The ideal response to this challenge might be
some combination of three genera management
approaches: 1) maintain species where they are
today, 2) help species migrate through more
intensive management, and 3) acquire lands that
will be valuable under a changed climate. How-
ever, the lack of adequate knowledge and infor-
mation precludes the full implementation of
either approach now.

It is difficult to predict how climate change will
affect natural areas and how they will respond.
his lack of knowledge limits the ability to help
natural areas adapt. We do not know which
species are most sensitive to climate change,
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which could be saved, or how to recreate habitats
or entire ecosystems elsewhere. The limited
success with restoring populations of endangered
species illustrates how little is known about
restoring species and their natural habitat. In
addition, we do not know what lands will be most
valuable as preserves under climate change. We
do not even know all of the species and kinds of
ecosystems currently under formal protection in
preserves today.

The most useful approaches that the Federal
Government could take to facilitate adapta-
tions to climate change in natural areas fall
into two categories. information gathering
(including research, inventory, and monitor-
ing options) (115, 171), and managing natural
areas now to minimize the impediments to
adaptation and to increase their resiliency. The
second category includes taking direct Federa
action to influence the management of natural
areas, establishing incentives to private landown-
ers to encourage conservation under uncertainty,
and promoting larger-scale management through
more partnerships among agencies, communities,
and governments. A variety of options that
address these needs are assessed in volume 2,
chapter 5.

Because money to implement every policy
option and the scientific understanding of how
climate change will affect natural areas are
limited, we have identified some strategies that
represent inexpensive or useful frost steps for
facilitating adaptation to climate change in natu-
ral areas. These options meet at least one of
several criteria: they will take a long time to
complete; they address “front-line,” or urgent,
issues that need attention before informed policy
decisions can be made; they can be approached
through mechanisms that are already in place or
through efforts already under way; and/or they
have benefits in addition to those that help
prepare for climate change. In some cases, a
near-term legislative action will provide a target
of opportunity to pursue these options.

= Use the National Biological Survey (NBS)

to assess ecologica inventory and moni-
toring needs. Future strategies to protect
natural areas and their resources will require
a national picture of current biological re-
sources and the extent of the protection
of--or the threat to-these resources. A
national inventory and monitoring program
would be particularly beneficial in support-
ing efforts to protect endangered species and
biodiversity. DOI’'s proposed new National
Biological Survey presents an opportunity to
implement some of these activities (131,
132, 188). Congress could ask NBS to
initiate a nationwide inventory and monitor-
ing program, synthesize ecological and bio-
logical information for managers and plan-
ners, establish a mechanism for facilitating
regional-level research and management,
and develop a priority plan for expanding
protection of natural areas.

= Support basic research on key gaps in our

understanding of ecosystems. This re-
search would include work on species sensi-
tivity to climate change, restoration and
translocation ecology, the design and effec-
tiveness of migratory corridors or protective
buffer zones, the development of ecological
models, and the effect of elevated CO,
concentrations on plants and animals. Basic
research in these areas is needed now to
determine how species might respond to
climate change and how best to provide for
their protection in the future.

= Conduct a review of ecologica research

within USGCRP and across Federal agen-
cies. Such a review would evaluate how
much ecosystem research relevant to cli-
mate change and other long-term ecological
problems (e.g., loss of biodiversity) is being
done, and would identify important gaps. A
review of all research on ‘natural resources
has not yet been conducted across the
Federal agencies. Existing analyses suggest
that a great deal of money is spent on
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research relevant to the environment, but
how much is useful to understanding long-
term ecological problems is not known.
Further, there is currently no mechanism for
consolidating results from disparate research
effortsinto ** general patterns and principles
that advance the science and are useful for
environmental decisionmaking. Without
such synthesis studies, it will be impossible
for ecology to become the predictive science
required by current and future environ-
mental problems’ (97). An effort to charac-
terize and synthesize ongoing research could
help bridge the gap between basic research
and natural resource planning. Such a re-
view could be conducted by the Office of
Science and Technology Policy, the Na
tional Academy of Sciences, or an independ-
ent commission.

= Provide funding for the Fish and Wildlife
Conservation Act of 1980 (P.L. 96-366).
This law establishes a Federal cost-share
program for “nongame” species conserva
tion. It has aready been enacted, but has
never been funded. Many States have pre-
pared initial plans that could qualify for
Federal matching funds, making it a target
of opportunity to promote natural area
conservation at the State level. With some
amendments to promote multispecies, or
‘‘ecosystem, protection at the State level
and adequate funding, the Fish and Wildlife
Conservation Act could be used to encour-
age natural area protection and conservation
on State and private lands.

m Use acquisition strategies to enhance pro-
tection. Federal land-management agencies
should be directed to consider whether all
future land acquisitions and exchanges:
1) augment underrepresented ecosystemsin
the Federal natural area holdings, 2) buffer
or connect other preserved land parcels, and
3) provide habitat or services likely to persist
over the long term despite anticipated stresses.
Setting aside a given amount of land within

the modem fragmented landscape does not
alone ensure that the ecological features for
which it is valued will be preserved. To best
conserve species, natural areas should in-
clude an array of ecosystems and transition
zones between them to allow for the many
complex interactions that rely on links
between different parts of the landscape. By
asking agencies to incorporate such con-
cerns into future acquisitions, Congress could
minimize future geographic fragmentation
and use limited monies to maximize the
range of protected ecosystems.

i Forests

Forests cover roughly one-third of the U.S.
land area, shaping much of the natural environ-
ment and providing the basis for a substantial
forest-products industry. These forests are enor-
mously variable, ranging from the sparse scrub of
the arid interior West to the lush forests of the
coastal Pacific Northwest and the South. The
Nation’'s forests provide essential fish and wild-
life habitat, livestock forage, watershed protec-
tion, attractive vistas, and an array of recreational
opportunities. Timber is one of the Nation's most
important agricultural crops.

Climate change may pose a significant
threat to forests, particularly forests that are
not actively managed for timber production.
Within a century, climate change might shift the
ideal range for some North American forest
species more than 300 milesto the north (seefig.
1-7). Such a shift would almost certainly exceed
the ability of natural forests to migrate (35, 36,
146). Forests stranded outside their ideal climatic
range could suffer from declining growth and
increased mortality from climate-related stresses
such as insects, disease, and fires (2, 58, 100,
157). Some forests may collapse, and species and
unique populations may be lost from isolated
ranges if climate change is too rapid.

The most vulnerable forest resources are those
in regions subject to increased moisture stress, as
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Figure 1-7-Current and Projected Range of Beech
Under Climate Change

£ Current range

Potential
m future range

#H Overlap

miies

NOTE: Based on climate projections from the Goddard Institute for
Space Studies GCM under the assumption of a doubling of atmospheric
CO.,. To convert miles to kilometers, multiply by 1.609.

SOURCE: Office of Technology Assessment, 1993, adapted from M.B.
Davis and C. Zabinski, “Changes in Geographical Range Resulting
from Greenhouse Warming: Effects on Biodiversity in Forests,” in:
Global Warming and Biological Diversity, R.L. Peters and T.E. Lovejoy
(eds.) (New Haven, CT: Yale University Press, 1992).

in the dry continental interiors (14, 15, 159, 191).
Forests in coastal regions may be at risk from
rising sea levels, with the threat of flooding and
saltwater intrusion, or from increases in damaging
wind storms (61, 106). Forests with small or
highly fragmented ranges may be lost, such as
those at the upper elevations of mountains with
nowhere to migrate (89). Forests in locations
already subject to droughts, free, and wind dam-
age will be at high risk if the frequency or
intensity of these stressors isincreased (157).

The extent to which intervention to facilitate
adaptation may be practical or desirable is lim-
ited. Even timber-industry forests are not inten-
sively managed by the standards of annual
agricultural crops. On large areas of public forest
lands, even a minimal management response

might be viewed as incompatible with the goals
for which the forest is held. The challenge is to
find unobtrusive and cost-effective means to help
ensure that the health and primary services of the
Nation’s forest resource will not be logt if climate
change proves to be as serious a threat to forests
as some believe it will be.

The Federa Government can prepare itself
to respond to the threats that climate change
poses to forests in several ways. 1) by better
understanding which forests are at risk (e.g.,
by supporting research on species sensitivity to
climate and monitoring changes in forests);
2) by acting to avoid the potential loss of forest
species (e.g., by promoting and improving
forest seed banks, mass propagation tech-
niques, and forest-restoration techniques);
3) by being ready to react promptly to the
threat of large-scale forest mortality (e.g., by
preventing fires, managing pests, or thinning
to promote drought tolerance—in forests
where such activities are determined to be
appropriate); 4) by redirecting incentive pro-
grams to encourage improvement in the health
of private forests; and 5) by increasing the
adaptability of the forest industry and forest-
dependent communities to climate change
through forest-product research and incen-
tives for diversification.

Given the existing policy levers, the limited
money to fund programs, and the poor level of
scientific understanding of impacts of climate
change on forests, the following subset of poli-
cies, discussed in volume 1, chapter 6, are frost
steps that Congress could take. Each would help
the Nation begin to position itself to respond to
the effects of climate change on both timber and
nontimber forests. These options are justified
now either because of existing problems (such as
free, pests, and drought) that will be exacerbated
by climate change, or because of the time required
to complete the process.

» Establish an expanded forest seed-bank
program. A rapid climate change could
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threaten the genetic diversity of U.S. forests.
A national effort in the conservation of
forest seeds would provide an opportunity to
respond to the potential for loss of genetic
diversity in the forest resource under climate
change. An appropriate goal for such a
program would be to maintain sufficient
seed variety, or other genetic material, so
that much of the original diversity of the
Nation's forests could eventually be restored
(86, 87). (Current forest seed-collection
activities are uncoordinated and focused on
only a small number of species (113).) To
accomplish this ¢a, Congress could au-
thorize and fired a National Forest Genetic
Resources Program within the Forest Serv-
ice, providing funds for the construction and
operation of seed-storage facilities, for the
establishment of associated plantations to be
used for continuing, seed production, and for
a forest genetics research program that
would address climate tolerance of trees and
means for large-scale propagation. Such a
program could be partially supported
through fees for private access to the seed
collection.

= Develop strategic plans for responding to
major forest declines. Increased risk of
fries and insect damage may result under a
warmer climate. The relative value of pre-
vention activities to reduce risk is likely to
be increased. The need for aggressive inter-
vention to protect forest resources may aso
be increased. Because of the need for prompt
action and because of the contentiousness
that often accompanies forest management,
policy rules for pest-control activities and
silvicultural management to reduce forest
health risks are best established before they
are needed. Congress could enact a forest-
health bill that would establish criteria that
would allow prompt action to protect against
threats of catastrophic mortality or restore
forests after large-scale mortality and de-
cline. Such a bill might allow for the

declaration of temporary forest-health emer-
gencies, under which accelerated actions to
protect or restore forest health would be
authorized-as long as these actions were
consistent with established standards for
protection of all forest values. A policy-
review group made up of academics, repre-
sentatives of interest groups, and Federal
forestry personnel could develop criteria for
undertaking actions to stem forest decline.

= Prepare for a forest-management response

to climate change. A changing climate may
eventually require innovations in forest-
management and planting practices. Experi-
mental efforts will be important in establish-
ing a scientific basis for any necessary
changes to future management practices that
might later be applied to public multiple-use
forests. Congress could support a program of
research on the Forest Service' s Experimen-
tal Forests, or other research facilities, to
address adaptation to climate change. The
Experimental Forests are aready designat-
ed as outdoor laboratories for evaluating
forestry practices. The research could be
directed toward finding practical and
environmentally appropriate techniques for
managing the public forests that will help
buffer them or help them adapt to a chang-
ing climate.

= Improve incentives for private manage-

ment of forest lands. The Federa Gover-
nment controls only about one-quarter of the
Nation’'s forestland. In the East especidly,
where Federal holdings are limited, efforts to
support the protection of private forestland
may take on increased importance. The
Federal Government may use incentives,
disincentives, and cooperative approaches to
promote the health and productivity of this
forestland. Existing subsidy programs under
the Cooperative Forestry Assistance Act of
1978 (P.L. 95-313), as amended by the 1990
Farm Bill, provide cost-sharing assistance to
owners of small, private forests. Traditional
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forest-support programs (e.g., the For-
estry Incentives Program) target funds on
the basis of potential gains in timber
supply. These programs could be modi-
fied so that funds could be targeted to
areas at high risk of insect and fire
damage and to ecologically valuable fores-
tland, which would encourage activities
that maintain the health of the private
forestland and discourage the further
fragmentation of forestland. Expanding
the role of the Forest Stewardship and Forest
Legacy Programs might help to accomplish
these goals. The funding priorities of the
Forest Stewardship Program could be clari-
fied, thus ensuring that most funds are
targeted to the areas identified above.
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Climate Change

and Natural

his chapter summarizes the current state of knowledge

about climate change and describes the interaction of

climate variables with natural systems. Background

information key to understanding the impacts described
in each of the resource chapters (coasts, water, agriculture,
wetlands, preserves, and forests) is included here. This chapter
illustrates the range of effects climate change could cause across
systems and at different spatial and temporal scales.

Human activities have increased the rate at which greenhouse
gases-carbon dioxide (CO,), methane (CH,), nitrous oxide
(N,0), and chlorofluorocarbons (CFCs)-are building up in the
atmosphere. Thisincreaseis likely to lead to changesin climate
that could have significant effects on natural systems. The
first-order effects of a buildup of greenhouse gases-increasing
average temperature, rising sea level, and changes in precipita-
tion and evapotranspiration--can be estimated with some
confidence at the global scale. Global average temperature may
increase about 2 OF (1 ‘C) by 2030 and sealevel is predicted to
rise by about 8 inches (20 centimeters)'in the same period;
precipitation and evapotranspiration globally will also increase.

As scientists consider smaller spatial scales, their certainty
about these effects decreases. Some midcontinent regions are
likely to become warmer and drier rather than warmer and wetter,
for example, but not enough is known yet about climate change
on a regional scale to be confident about the direction and
magnitude of changes. A decade or more of research will be
needed before such precision is available. Second- and third-
order effects, such as changes in individua plants and animals or
whole ecosystems, are ultimately the impacts that humans care

*To convert inches to centimeters (cm), multiply by 2.540.
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about. These changes in the natural and managed
systems that societies depend on have socioeco-
nomic consequences and result in costs or bene-
fits.

Plants and animas are more immediately
affected by extreme events, such as droughts,
floods, or storms, than they are by changesin the
long-term averages of climate variables. How-
ever, individuals may not be able to tolerate
sustained changes in average temperature and
precipitation. Such conditions might, for exam-
ple, lead to increased vulnerability to pests,
disease, and fires. Repeated stress will adversely
affect not only individuals but also populations
and species, potentially resulting in altered eco-
system ranges and composition.

As the climate changes and average temper-
ature increases, the extremes experienced by
ecosystems will change as well. The hottest
temperatures may be hotter than previously expe-
rienced; the coldest temperatures may not be as
cold as they are now. Ultimately, temperature
shifts may alter the geographic range of species
and ecosystems. Climate change may also benefit
some plants and animals. Certain plants, for
example, may derive benefits from the rising
concentration of CO,in the atmosphere, which
can act like a fertilizer. Higher temperatures could
enable some plants and animals to increase their
geographic ranges.

Ecosystems are always changing and would
continue to do so without climate change. How-
ever, projected rates of change in temperature
exceed the estimated rates for the past 15,000
years, which averaged about 20F(1'C) per 1,000
years, under a changing climate, temperatures
could rise 3to 8 OF (1.5 to 4.5 ‘' C) over the next
century. These changes may be too rapid to alow
forest ecosystems to migrate with the changing
climate. Atmospheric concentrations of CO,are
changing 30 to 100 times faster than shown in
ice-core records, which go back millennia. Natu-
ral ecosystems are more vulnerable to climate
change than are managed ones, such as fares and
plantation forests, because active measures-

Many animals, such as this Roe@ Mountain coyote,
require large expanses of remote and undisturbed
habitat to sustain populations. Human disturbance or
fragmentation of habitat leads to declines in prey
populations and vegetation cover. Affected species
can migrate, decline, or alter their food sources.

irrigation, replanting, and fertilizing, for example--
are much more difficult to undertake in natural
aress.

Many natural systems are already degraded by
pollution and geographic fragmentation. Addi-
tional human-caused stress may lead to undesira-
ble changes in the values and functions of natural
systems from which humans now benefit. ‘ Under
stress, natural systems of plants and animals tend
to breakup and reformulate in new systems with
different species or mixes of species’ (21). The
total change in an ecosystem depends not only on
its sensitivity to climate change, but also on the
system’s absolute sensitivity to avariety of other
changes that influence soil and water chemistry or
habitat fragmentation (21).

HOW DO WE KNOW CLIMATE
IS CHANGING?

The Earth’ s average temperature has increased
0.8 OF (0.45 ' C) over the past 100 years, with an
uncertainty range of +/-0.27 OF (+/-0.15 °C). The
broad range reflects many inaccuracies intro-
duced in the 100-year land-based temperature
record by recording temperaturesin cities (which

g
2
%
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tend to be warmer than rural areas),’using
different instruments over time, and inadequate
and changing spatial coverage.

Because the climate system is so inherently
variable, it takes a long time to detect trends.
Besides greenhouse gases, urban ozone, de-
creases in stratospheric ozone, increasesin acidic
air pollution, volcanic aerosols, and the solar
cycle are al likely to have influenced the ob-
served global temperature record. For example,
the sum of al known greenhouse gases emitted to
the atmosphere to date should have increased the
heat-trapping capacity of the atmosphere by 2.1
watts per square meter (W/m’). However, over the
past few decades, other forces could have coun-
teracted as much as 50 percent of the effect by
cooling the earth. Urban air pollution (e.g., soot
and acid aerosols) could have offset the warming
by up to 24 percent, ozone depletion by CFCS, 10
percent, and increased cloudiness by 20 percent.
Although these cooling effects temporarily mute
the greenhouse effect, they do not negate it, so net
warming is expected. Simultaneously, solar irra
diance (the output of the sun) may have enhanced
the greenhouse effect by 14 percent.

Other naturally occurring events can confound
the temperature record, too, such as the 3- to
7-year occurrences of El Nifio. Volcanic erup-
tions (such as EI Chichon in 1982 and Mount
Pinatubo in 1991) can more than offset the entire
greenhouse effect temporarily (for 2 to 4 years).?
Recent satellite temperature measurements taken
over a 12-year period show no warming trend
(84). This satellite record cannot be used to refute
global warming for three reasons: 1) the record of
measurements is over too short a period; 2) two
major volcanic eruptions occurred during that
period (Chichon and Pinatubo), followed by a
several-year cooling due to the particles they
injected into the atmosphere; and 3) the satellite

Figure 2-l—Long-Term Global
Temperature Record
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SOURCE: T.R. Karl, “Missing Pieces of the Puzzle,” in: Research and
Exploration, Spring 1993, pp. 235-49.

does not measure the near-surface temperature of
the earth; rather, it integrates a 6,500-yard (6,000-
meter) swath of the atmosphere (48).

Despite all the confounding factors, the long-
term temperature record shows warming that is
consistent with that calculated by the genera
circulation models (GCMS) (44) (seefig. 2-1 and
box 2-A). The observed 0.8 OF rise is within—
but at the low range of—the 0.7 to 2.0 OF (0.4 to
1.1 °C) that models predict. The warming is not
“statistically significant’’--that is, it is not out-
side the range of normal variability. The uneguiv-
ocal detection of a climate change signal from
such complicated records requires at least another
decade of measurements (44). The nine warmest
years since 1891 were all in the 1980s and early
1990s (6). Severa ancillary pieces of evidence
consistent with Wal’ming’ such as a decrease in
Northern Hemisphere snow cover, a simultaneous

2 Bias due to ‘ the heat island effect’ islikely to be less than 0,1 °F (0.05 * C), or less than 10 percent of the observed temperature increase

(43).

3 For example, Pinatubo injected 25 million tons (23 hillion kg) of sulfur dioxide 15 miles (25 km) into the stratosphere; the cooling caused
by reflectivity of those particles should offset the warming from greenhouse gases for 2 years until the particles settle out of the atmosphere.
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Box 2-A-What the Models Tell Us: GCMs and Others

To describe how the climate system operates and to predict how changes in the composition of the
atmosphere will affect climate, scientists have developed models known as general circulation models (GCMs).
GCMs are composed of mathematical equations that describe the physical climate processes and interrelation-
ships, including seasonal changes in sunlight, global air currents, evaporation and condensation of water vapor,
and absorption of heat by the oceans. The models incorporate basic physical principles (such as the conservation
of energy and mass) and empirical evidence from observations of how the climate system seems to operate (such
as statistical equations describing the humidity and temperature at which clouds generally form). The four major
GCMs have generated somewhat different predictions about how climate might change largely because they use
different empirical evidence and starting assumptions and incorporate different sets of climate variables. Even
models that agree on global averages may predict different regional distributions becauséey have different ways
of accounting for small-scale climate processes.

The differences in climate change predictions from the various major climate models have drawn
considerable attention. So, too, has the fact that observedchanges in global average temperature have been lower
than initial estimates. Many models have predicted that based on the increases of human-generated greenhouse
gas emissions (particularly carbon dioxide (CQ) emitted during fossil fuel combustion) over the past century,
global temperatures should already have increased by 0.5 to 2.0°F(0.3 t0o1.0°'C). Measurements of warming to
date suggest that global average surface-air temperatures have increased approximately 0.5 to 1.0 °F (0.3 to
0.6 °C)-on the low end of the predicted range (45).

That global warming appears to be proceeding more slowly than predicted maybe due to difficulties in
distinguishing short-term climate patterns from long-term trends, as well as to the complex and incompletely
characterized interactions of oceans, clouds, and air pollution with weather and climate (44,92). Natural variations
in weather(e.g.,rainfall and temperature) occur over years or decades, which may mask longer-term (century and
millennium) climate patterns for many years (83). in addition, oceans have an enormous capacity to absorb heat,
which may delay atmospheric warming for some time (81, 88). Clouds also play an important but uncertain role
in moderating planetary climate. Depending on their composition and location, clouds may either cool the planet
by reflecting incoming solar radiation or warm it by contributing to the greenhouse effect,so it is not clear whether,
in the aggregate, they contribute to orsomewhat offset global warming (1,88). Finally, global warming maybe
offset somewhat in the Northern Hemisphere because sores human-generated pollution (particularly sulfur
aerosols) may actually exert a cooling effect: when converted to sulfate particles in the atmosphere, they reflect
incoming solar radiation (44, 88).

Generalities and uncertainties

GCMs paint the following general picture of global climate change. Average global air temperatures will
increase. With increased temperatures will come an increase in average global precipitation because warmer air
causes faster evaporation, speeding up the rate at which water vapor becomes available for cloud formation and
precipitation. Increased temperatures will cause the water in oceans to expand (water expands as it warms above
39°F (4°C)), and as ocean volume increases, sea levels will rise. Sea level rise may be moderated if increased

1 G obal -average temperature statistics are compiled from historical temperature measurements from
weather stations around the world. Accuratel nterpretation of historical temperature data is complicated and
controversial because changes In measurement techniques and locations over the past century make the data
difficult to compare. Data analysis is further complicated by the urban “heat Island effect”--local warming Inaréas
with many buildings and paved surfaces that tend trap heat-which has raised temperatures at some monitoring
stations, reflecting changes In local climate apart from any potential global changes. The estimated temperature
change reported here was a consensus figure developed by the IntergovernmentalPanel on ClimateChange (IPCC)
that attempts to account for both the changes in measurement and the confounding effects of data from urban areas.
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temperature and water-holding capacity of
the air lead to more snow at the poles, which
may cause arctic ice sheets to grow thicker
in the near future; on the other hand, warmer
temperatures could cause parts of the
Greenland and Antarctic ice sheets to melt,
causing even more sea level rise. Beyond
these generalities, significant uncertainties
remain about regional impacts, rates of
change, and feedback Regional predic-
tions are quite murky, and they are the ones
that are most important to individual re-
sources and human societies. A variety of
factors, including local or mesoscale effects
of hills, and vegetation boundaries, are
Important in determining regional climate.
GCMs cannot at present incorporate fea-
tures this small (see the figure in this box)
because spacing between grid points is
between 150 and 800 miles (250 and 1,000
kilometers)’(94). Because models differ in
how they treat these physical features and
becausethe current generation of models is
only beginning to incorporatethe modeling
of ocean currents and cloud cover, it is not
surprising that the major GCMs differ mark-
edly in predicting regional changes in pre- )
cipitation, soil moisture, and other hydrolo- NOTE: Models cannot yet incorporate regional features
gic variables. For example, certain models adequately because grid sizes are too large. The smaller the

. L - . grid size, the more complex and time-consuming each model
predict that precipitation will increase in run becomes. The top figure shows how a 460-km grid can

some regions while others suggest that it will obscure important geologic features. The bottom figure shows
decrease (83). The range (and therefore what the topography of the United States looks like with a
uncertainty) in model output for soil moisture 120-km model grid. The degree of resolution In the bottom

and runoff is even greater than it is for figure is typical of present global weather prediction models.

precipitation (49).

Most climate modelers agree that pre-
cipitation is most likely to increase at high latitudes and that the water-holding capacity of the atmosphere
(cloudiness) will be largest in low to mid latitudes (30). In the midcontinent areas, especiallyin summer,
evapotranspiration may outstrip precipitation, and thus soil moisture and runoff would decrease. The potential for
more-intense or longer-lasting droughts would therefore increase. Some scientists (78) suggest that GCMs
(because of their lack of realistic land-surface models) understate the potential for the intensification of
summertime drought in low to midlatitudes. If current trends in greenhouse gas emissions continue, they predict,
the frequency of severe drought in the United States would be expected to increase dramatically, with effects
becoming apparent sometime on the 1990s (78).

A second likely regional consequence of global warming is that it will lead to changes in the type and timing
of runoff. snowmelt is an important source of runoff in most mountainous areas. Warmer temperatures in such

SOURCE: National Center for Atmospheric Research.

2 Toconvert mI|ES to kl|0meter5, mU|t|p|y by 1.609. (Continued on next page)
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Box 2-A-What the Models Tell Us: GCMs and Others--(Continued)

areas would cause a larger proportion of winter precipitation that now fails as snow to fail as rain. Thus, the

proportion of winter precipitation stored in mountain snowpack would decrease. Winter runoff would increase, and
spring runoff would correspondingly decrease. During times when flooding could be a problem, seasonal changes
of this sort could have a significant impact on water supplies because adequate room inreservoirs would have

to be maintained (53), and thus some early runoff would probably have to be released:

Uncertainty surrounds predictions of the rate at which climate change may proceed. Most assessments of
climate change have assumed that it will proceed gradually and continuously until the climate reaches some new
equilibrium (21). These assessments attempt to characterize what the climate might eventually be like when the
equivalent of doubled CO,has been reached; relatively few studies have examined the intermediate,or transient,
climate stages. However,a few suggest that the change may not be linear and gradual. For example,the capacity
of the oceans to absorb heat may delay warming for some time, but there maybe some threshold after which ocean
heat absorption slows and a relatively rapid warming of air temperatures follows (81)-or proceeds in stepsin a
series of punctuated equilibria (relatively rapid change for a short time followed by a period of relative stability),
so transient climate stages might be important (15).

Uncertainties also arise from lack of knowledge about potential climate feedbacks--that is, processes that
occur in response to global warming that either augment or diminish the effect in complex and interacting ways.
For example, at warmer temperatures, the atmosphere can hold more water vapor, which is a powerful greenhouse
gas, and this will magnify warming. On the other hand, some portion of the additional water vapor could form into
clouds, which can, depending on their size, shape, and distance from the Earth’s surface, reflect solar radiation
and either amplify or offset some of t he warming. The role of ice and SNOW in climate systems has not yet been
quantified, and it is not dear whether it will prove to be an additional feedback. Warming in the polar regions will
likely melt sores portion of the polar ice caps, reducing the extent of land and wean covered by them. Ice and
snow are more reflective than either land or water; redwing the amount of ice and snow will allow both land and
seato absorb more heat. In addition, sea ice tends to insulate the ocean; when the ice is not present, the ocean
may release heat to the atmosphere more readily. Both processes could add to the warming cycle, so that as the
atmosphere becomes warmer, it triggers various additional processes that will make it warmer still (88).

Other feedbacks may, however, counteract warming. For example, some scientists point out that vegetation
may grow better in an atmosphere with higher concentrations of CO,. Increased plant growth could allow plants
to take up mom carbon from the atmosphere, potentially acting as a brake to greenhouse warming (61).

Despite the uncertainties attached to climate change predictions,there are many areas of agreement on the
global, and even some regional, outlines of change. The effects on ecosystems and natural resources are more
uncertain. Even if models could now generate accurate regional and local climate predictions, scientists do not
yet have the theoretical knowledge to predict with confidence how ecosystems will react to the predicted climate
changes--and how ecosystem response will translate into impacts on natural resources and on the people who
depend on then And they are further still from being able to forecast how or whether systems could adapt.

3 The California Department of Water Resources has estimated, for example, that if average temperatures
warm by5°F (3 °C), winter snowmelt runoff would increase, but the average April-July runoff would be reduced by
about 30 percent (M. Roos, Chief Hydrologist, California Department of Water Resources, personal communication,
1992).

SOURCES: Intergovernmental Panel on Climate Change (IPCC), World Meteorological Organization, and United Nations

Environment Program, Climate Change: The IPPC ent ssessment.report prepared for IPCC by Working Group |, J.T.

skl et (o) (Cambrkiger England: Cambridge University Press, 1990); intergovernental
Panel on Climate Change, World Metsorological Organization, and United Nations Environment Program, Climate Change 1992: The
Supplementary Report to the IPCC Sclentific Assessment, report prepared for IPCC by Working Group i, J.T. Houghton, B.A.
Callander, and 8.K. Vamey (eds.) (Cambridge, England: Cambridge University Press, 1902); U.S. Congress, Office of Technology
Assessment (OTA), Changing by Degrees: Steps to Reduce Greenhouse Gases, OTA-O-42 (Washington, DC: U.S. Government

Printing Office, February 19S1).
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decrease in Arctic sea ice, continued melting of
alpine glaciers, and arise of sealevel (48), have
also been corroborated.

WHAT CAUSES CLIMATE CHANGE?*

The Earth’s atmosphere is a natural green-
house. Sunlight passes through the atmosphere
and strikes the Earth, and as the planet warms and
radiates heat, a large share of the heat is trapped
by gases in the atmosphere, primarily Co,and
water vapor. Although these gases make up only
0.25 percent of the atmosphere by volume, they
are responsible for increasing the average tem-
perature of the Earth from O OF (the temperature it
would be without these natural greenhouse gases)
to 59 oF. The evolution of such an atmosphere
offered the appropriate conditions for the devel-
opment of life on Earth. Humans have added more
CO,and other greenhouse gases (CH,, N,O, and
CFCS) to the atmosphere over the past 100 years.
These gases effectively trap the heat that would
normally be radiated from the earth into space.
Instead, heat is reflected back to the Earth, and
both the surface and the lower atmosphere get
warmer-causing global warming. This green-
house effect isillustrated in fig. 2-2.

An international panel of scientists was estab-
lished in 1988 to assess potential climate change
and its impacts. This Intergovernmental Panel on
Climate Change (IPCC) includes more than 50
countries, and operates under the aegis of the
World Meteorological Organization and the United
Nations Environment Program. IPCC issued a
report in 1990 and an update in 1992 (44, 45) that

represent the best scientific assessment to date
about climate change and its causes. IPCC
scientists agree on the basic atmospheric mecha
nisms that make the planet a greenhouse. They
also concur that human activities, such as burning
fossil fuel, deforestation, and agriculture, have
increased the rate at which greenhouse gases are
emitted to the atmosphere, and that the concentra-
tions of those gases in the atmosphere are
increasing.

WHAT CHANGES IN CLIMATE
ARE PREDICTED?’

1 Carbon Dioxide and Other
Greenhouse Gases

In contrast to measurements of temperature and
precipitation, which do not reveal clear trends,
measurements of greenhouse gases show signifi-
cant, steady increases over the past century.’For
example, the concentration of atmospheric CO,,
the most important greenhouse gas (other than
water vapor), has been systematically monitorted
since 1958 at the Mauna Loa Observatory in
Hawaii.’It has been increasing steadily for the
past 35 years. Data from air bubbles in ice cores
show that preindustrial atmospheric CO,concen-
trations were 280 parts per million (ppm); in
1990, the concentration had increased by more
than 25 percent to an annual average of 353 ppm
and isincreasing at 0.5 percent per year (see fig.
2-3, lower data points). Seventy to 90 percent of
the C0,added to the atmosphere today (about 8

“This section briefly summarizes the mechanismsand the greenhouse gases that contribute to the greenhouse effect. For a more detailed
treatment of climate change, see chapter 2 of OTA'’s previous report on climate change, Changing by Degrees (88). That report also examines
how the United States and other countries could reduce emissions that contribute to climate change,

5 The predictions given throughout this section are based on an equivalent doubling by 2025 to 2050 of greenhouse gas concentrations from
preindustrial levels. In addition, the predictions refer to a future equilibrium climate—that is, one in which the climate has finished changing
and the climate system has arrived at a new balance—rather than the transient climate, or intermediate stage, that occurs as climate change
is underway. Scientists debate whether the climate will reach a new equilibrium or whether we are instead entering an era of continuous change.
Equilibrium may not be reached for centuries. (J. Mahlman, Director, Geophysical Fluid Dynamics Laboratory, Princeton University, July 28,
1993, at a briefing sponsored by the World Resources Institute and the National Oceanic and Atmospheric Administration.)

6 For amore detailed discussion of the emissions and effects of greenhouse gases, see reference 88.

'CO, is responsible for about 70 percent of the radiative forcing (heat trapping) caused by greenhouse gases in the 1980s.
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Figure 2-2—The Greenhouse Effect
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SOURCE: U.S. Congress, Office of Technology Assessment, Changing by Degrees: Steps to Reduce Greenhouse Gases, OTA-O-482

(Washington, DC: Government Printing Office, February 1991 ).

to 9 billion tons, or 7 or 8 trillion kilograms, of
carbon each year) is due to the burning of fossil
fuels--coal, ail, and natura gas; the remainder is
attributed to deforestation. IPCC notes that under
a “business-as-usual” scenario, the concentra-
tion of CO,could rise as high as 800 ppm—nearly
triple the preindustrial level-by the end of the
next century (44). If world emissions were frozen
at 1990 levels, CO,concentrations would still rise
to 400 ppm by about 2070 (see fig. 2-4),°and
temperatures would continue to rise about 0.4 OF
(0.2 *C) per decade for many decades.

Increases in the atmospheric concentrations of
the greenhouse gases CH,, N,O, and CFCS have
also been documented and can be linked to

anthropogenic emissions. As the upper line in
figure 2-3 shows, these gases effectively augment
the greenhouse effect caused by CO,. Sources of
CH,emissions include rice paddies, domestic
animals (cattle and sheep), natural gas production
and delivery, coa production, and landfills (44).
CH concentrations increased about 1 percent per
year between 1978 and 1987 (from 150 to 168
parts per billion (ppb)). Recently, this increase
has slowed to 0.5 percent per year; the cause of
this slowdown is unknown (45).

Atmospheric concentrations of N,O began a
rapid ascent in the 1940s and increased at 0.2 to
0.3 percent per year during the mid-1980s, with
current concentrations at about 310 ppb. Ice-core

8 Given that developing countries currently use one-tenth the energy of the developed world and their usage is increasing 6 to 10 percent

per year, thislater scenario is unredlistic (88).
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Figure 2-3-Measured and Equivalent CO,
Concentrations in the Atmosphere
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from Antarctic ice-core data (1890 to 1950, shown as diamonds) and
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squares). “Equivalent CO, levels” are shown by the connected circles;
this is the additional effect caused by various trace gases (methane,
nitrous oxide, and chlorofluorocarbons) expressedin CO, equivalents.

SOURCE: R.C.Balling, “The Global Temperature Data,” in: Research
& Exploration, vol. 9, No. 2, Spring 1993, p. 203.

data show preindustrial concentrations of 285
ppb, which had been relatively stable for 2,000
years. Anthropogenic sources appear to be re-
sponsible for about 30 percent of N,O0 emis-
sions’—primarily from nylon production, nitric
acid production, and the use of nitrogenous
fertilizers.”

CFCS are humanmade chemicals used primar-
ily for refrigeration and insulation. A worldwide
treaty (the Montreal Protocol signed in 1987 and
augmented by several subsequent amendments)
will eliminate use of these chemicals by the end
of the century. The concentration of CFCS in the
atmosphere had been increasing at 4 percent per
year in the 1980s. These chemicals cause ozone
depletion worldwide and the Antarctic ozone
hole. Given world action to phase out CFCS, the

T L
80 1990

Figure 2-4-Expected CO0,Concentrations
in the Atmosphere According to Various
Emissions Scenarios
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SOURCE: M. Heimann, “Modeling the Global Carbon Cycle,” paper
presented at the First Demetra Meeting on Climate Variability and
Global Change, Chianciano Therme, Htaly, Oct. 28-Nov. 3, 1991.

ozone hole is expected to close in 70 years. CFCS
are greenhouse gases and trap heat, but because
they also destroy ozone (another greenhouse gas),
the net warming from CFCS is approximately
zero (45).

1 Temperature

IPCC predicted that global average tempera-
ture would increase at a rate of 0.5 OF (0.3 ‘C) per
decade, amounting to a 5.4 OF (3.0 “C) increase by
2100. Box 2-B summarizes the IPCC findings.
Although the global average temperature has
increased about 0.80 OF (0.45 ‘C) over the past
100 years, awarming of 1.4to0 4.0 OF (0.8to 2.2
°C) is expected as an eventual result of the
greenhouse gas concentration increases of the
past century (this estimate does not include any
warming from future emissions).

9 J. Mahlman, Director, Geophysical Fluid Dynamics Laboratory, Princeton University, personal communication, Aug. 27, 1993.
10 However, the sum of all known anthropogenic and natural sources is still insufficient to explain rates of atmospheric increase (45).
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Box 2-B--Highlights of the IPCC Scientific Assessment of Climate Change

IPCC is certain that:

« There is a natural greenhouse effect that already keeps the Earth warmer than it would otherwise be.
» Emissions resulting from human activities are substantially increasing the atmosphericoncentrations of the
greenhouse gases.

IPCC calculates with confidence that:

« Atmospheric concentrations of the long-lived gases (carbon dioxide, nitrous oxide, and the chlorofluorocarbons)
adjust slowly to changes in emissions. Continued emissions of these gases at present rates, would cause
increased concentrations for centuries ahead.

x The long-lived gases would require immediate reductions in emissions from human activities of over 60 percent
to stabilize their concentrations at today's levels; methane would require a 15 to 20 percent reduction.

« The longer emissions continue to increase at present-day rates, the greater reductions would have to be for
concentrations of greenhouse gases to stahilize at a given level.

Based on current model results, IPCCpredicts that:

«Under the IPCC “business-as-usual” Scenario,'the global mean temperature will increase about 0.5°F(0.3'C)
per decade (with an uncertainty range of 0.4 to 0.9 °F per decade), reaching about 2°F (1 °C)*~t~P~~
value by 2025 and5'F (3 uC) before the end of the 21st century.

«Land surfaces wilt warm more rapidlythan the ocean, and high northern latitudes will warm more than the global
mean in winter.

x Global mean sea level will rise about 2 inches (6 cm) per decade over the next century, rising about 8 inches
(20 cm) by 2030 and 25 inches (65 cm) by the end of the 21st century.

All predictions are subject to many uncertainties with regard to the timing, magnitude, and regional
patterns of climate change, due to incomplete understanding of:

s sources and sinks of greenhouse gases,
x clouds,

= 0Ceans, and

= polar ice sheets.

The IPCC judgment is that:

= Global sea level has increased 4 to 8 inches (10 to 20 cm) over the past 100 years.

» Global mean surface air temperature has increased by about 0.80°F (0.45 °C)(withanunoertainty range of 0.5
to 1.0°F (0.3 to 0.6'C) over the past 100 years), with the five globally averaged warmest years ocourring in the
1980s.

x The size of this warming is broadly consistent with predictions of climate models, but it is also of the same
magnitude as natural climate variability. Thus, the observed temperature increase could be largely due to natural
variability;alternatively, this variability and other human factors (such as aerosol air pollution) could have offset
astill larger human-induced greenhouse warming. The unequivocal detection of the enhanced greenhouse
effect from observations is not likely for a decade or more.

1 This scenario assumes that few steps are taken to reduce greenhouse gas emissions. The atmospheric
concentration of CO, would double (over preindustrial levels) by about 2060, but the effective CO, concentration (the
cumulative effect of all trase gases) would double by about 2030.

SOURCES: Intergovernmental Panel on Climate Change (WCC), Climate Change: The Sclentific Assessment, World Meteorological
Organization and U.N. Environmental Program (Cambridge, England Cambridge University Press, 1390); intergover nmental Panel on
Climate Change (IPCC), 1992 /FCC Supplement, World Meteorological Organization and United Nations Environment Program
(Cambridge, England: Cambridge University Press, 1992).
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Greenhouse gas concentrations in the atmos-
phere will have effectively doubled”relative to
their preindustrial values by 2030 (44, 45).
Changes in global temperature will affect global
patterns of air circulation and wind, possibly
changing the frequency or pattern of convective
storms. Some research suggests that a warmer sea
surface may lead to alonger cyclone season with
more-intense storms. To date, however, evidence
on whether storm frequencies will change is
inconclusive (81).

On the regional level, average temperatures are
expected to increase more in the higher latitudes
(in the Arctic and Antarctic), particularly in late
fall and winter. In the northeastern part of North
America under a doubled CO,climate, for
example, warming could reach 140F(8'C) during
the winter (44), and average annual temperatures
could increase as much as 18 OF (10 ‘C) in some
high-latitude areas (81). In addition, summer
warming in the middle latitudes, including much
of the United States, could be greater than the
global average, potentially reaching 7 to 9 OF (4 to
5°C) in the Great Lakes area (45). In the tropics,
however, temperature increases are likely to be
less than the global average, and will vary less
from season to season. Figure 2-5 (top) shows
changes in the average annual, winter, and
summer temperature ranges predicted for differ-
ent regions of the United States used for studies
performed for the Environmental Protection Agency
(EPA) (94). Regiona temperature predictions
such as these are accompanied by only a medium
level of confidence, but the predictions are likely
to improve within the next decade (81).

1 Precipitation
Worldwide, average precipitation is expected
to increase by 7 to 15 percent under a doubled

CO,atmosphere. Regional changes will be much
more variable, with estimated increases of 20 to
40 percent in some locations (e.g., coasts), and
decreases of up to 20 percent in other areas (78,
94). The seasona distribution and form of precip-
itation are likely to change. In regions where
precipitation increases, a significant share of the
increase may come during the winter; in some
locations, more winter precipitation will comein
the form of rain than snow (81). Although
researchers are fairly confident about the pre-
dicted rise in average global precipitation, they
are much less confident about regional precipita-
tion because of the many uncertainties surround-
ing small-scale climatic processes. Figure 2-5
(bottom) shows EPA’s predicted average annual,
winter, and summer precipitation patterns for
different regions of the United States (94).

Natural climate variability is great relative to
the expected changes in climate variables. Hence,
separating the signal of climate change from the
noise of natural variability is difficult. One
statistical analysis of climate data from the
southeastern United States indicates that if aver-
age rainfall increased 10 percent, there would be
only a 7 percent chance of detecting that trend
after 25 years; even a 20 percent increase in
rainfall could only be detected with a 65 percent
probability after 50 years (63). More concretely,
it is difficult to know whether the recent 6-year
drought in the western United States is a rare but
possible outcome of natura climate variability,
an early indication of climate change, or areturn
to the average climate after a long particularly wet
spell. Longer climate records are needed to
distinguish among these various possihilities. It is
unlikely that researchers will be able to resolve
the uncertainties to devel op better predictions for
another decade or two (81).

11 The equivalent doubling of CO, refers to the point at which the combined total of CO, and other greenhouse gases, such a< CH,, built
up in the atmosphere have “radiative effect equivalent to doubling the preindustrial value of carbon dioxide from about 280 ppm to 560 ppm”
(81). The full warming associated with that amount of greenhouse gases maybe delayed by ocean warming: «*The large heat capacity of the
oceans will delay realizati‘ on of full equilibrium warming by perhaps many decades. This implies that any specific time when we reach an
equivalent CO, doubling . . . the actual global temperature increase may be considerably less [than 2 to 5 ' C]. However, this ‘unrealized
warming’ will eventually occur when the climate system’ s thermal response catches up to the greenhouse-gas forcing. ’
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Figure 2-6-Potential Soil-Moisture Changes Under
the GISS Climate Change Scenario

Much wetter (> 0.05)
{1 Wetter (0.025 to 0.05)
[ No change (-0.025 to 0.025)
EE Drier (-0.025 to -0.05)

B Much drier (< -0.05)

NOTE: Numbers represent the degree of drying or wetting, calculated as the change in the ratio of actual
avapotranspiration (AET) to potential evapotranspiration (PET). This ratio is an Index of plant-moisture stress,
ndicating molsture availability relative to moisture demand. GISS=Goddard Institute for Space Studies.

SOURCE: P.N. Halpin, “Ecosystems at Risk to Potential Climate Change,” contractor report prepared tfor the Otfice

of Technology Assessment, June 1993.

B Moisture

Despite overall increases in precipitation, soil
moisture is predicted to decrease in many mid-
continental regions. Soil moisture, which is
generally more important for vegetation than is
total precipitation, may decrease for two reasons.
First, the rate at which moisture evaporates from
the soil surface and from plants (evapotranspira-
tion) would increase as temperatures rise. The
increased evaporation rates may cause soil to lose
moisture at a faster rate than is supplied by the
increased precipitation, particularly during the
summer. Second, the manner in which added
precipitation arrives can affect soil moisture by
changing runoff patterns. There are limits to how

much soils can absorb at once.”For example,
sandy soils allow for relatively quick percolation
of water through the soil column and into
surface- and groundwater systems. However,
the percolation rates of clay soils are slow. If
increased precipitation comes in a few large
storms rather than being evenly distributed over
the year, more of it may runoff rather than remain
in the soil. Thus, increases in average annual
precipitation will not necessarily lead to increases
in soil moisture and could be accompanied by
drier conditions.

Figures 2-6 and 2-7 identify areas of the United
States that may face significant changes in soil
moisture based on the climate changes projected

12 The ability of soils to retain water varies considerably according to soil composition (the proportion of sand and clay the soil contains)
and organic-matter content. In gene@ sandy soils with little organic material, such as those in central Florida, have alow capacity for water
storage. Soils with more clay and a higher organic content, characteristic of the Midwest, can generally retain more water (13).
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Figure 2-7—Potential Soll-Moisture Changes Under
the GFDL Climate Change Scenario

Much wetter (> 0.05)
3 wetter (0.025 to 0.05)
[ No change (-0.025 to 0.025)
B Drier (-0.025 to -0.05)

IR Much drier (< -0.05)

NOTE: Numbers represent the degree of drying or wetting, calculated asthe change in the ratio of actual
evapotranspiration (AET) to potential evapotranspiration (PET). GFDL-Geophysical Fluid Dynamics Laboratory.

SOURCE: P.N.Halpin, “Ecosystems at Risk fo Potential Climate Change,” contractor report prepared for the Office

of Technology Assessment, June 1993.

by two GCMS. An index of soil moisture was
calculated as the ratio of available moisture to
potential moisture demand (calculated as the ratio
of actual evapotranspiration to potential evapo-
transpiration) .13 White areas in the maps indicate
regions of no significant change in the moisture
index, dark shading indicates areas of drying, and
lighter shading shows areas that become rela
tively wetter. The Goddard Institute of Space
Studies (GISS) scenario (fig. 2-6) produces a
mixed result, with large areas of moderate drying
iintermixed with patches of wetting in the South-
east and northern Rocky Mountain States. The
Geophysical Fluid Dynamics Laboratory (GFDL)
scenario (fig. 2-7) provides the most extreme

outcome for North America, with significant
drying across the eastern and central United
States and along the Pacific Coast.

I Sea Level

IPCC predicts that global average sea levels
will rise by around 2 inches (6 cm) per decade for
the next century, in contrast to the historic rate of
0.4 inches (1 cm) per decade that occurred since
the end of the 19th century. By 2030, IPCC
predicts that sea levels will have risen by around
8 inches (20 cm), with atota rise of 26 inches (65
cm) expected by the end of the century (44).

Sea level rise will result from the expansion
that occurs as water warms. Oceans will also be

13 Calculated fOr the Office Of Technology Assessment by P. N. Halpin (34). Evapotranspiration is the oss of water from the land surface

resulting from both evaporation and plant transpiration. Potential evapotranspiration istheamount of water that would be lost if there were
never a shortage of soil moisture. Actual evapotranspiration is the actual amount of water released to the atmosphere (reflecting precipitation

and limited availability of soil moisture).
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affected by the melting of ice in polar regions. The
area of seaice and seasonal snow cover will also
diminish (42). It islikely that ice on the margins
will melt more quickly in warmer waters. This
result could change the mix of fresh and saline
waters in high-latitude seas, and could further
change ocean circulation patterns.

Sea level may increase more along some coasts
and less along others because sea level rise
depends not only on whether the oceans are rising
but also on whether adjacent land masses are
rising or sinking. Some coasts are sinking as soils
are compressed; others are rising due to tectonic
forces or as they gradually rebound from the
weight of glacial ice that burdened them during
the last ice age. The Mississippi River Delta in
the Gulf of Mexico is subsiding, leading to
relatively rapid rates of land loss, while much of
the West and the Alaskan coasts are experiencing
tectonic uplift and glacial rebound. Thus, the
relative sealevel rise and the associated land |oss
is predicted to be greater along the Gulf Coast (as
well asin parts of Florida's Atlantic Coast and the
South Atlantic States) than aong the Pacific
Coast. The interaction of sea level rise, altered
waves and currents, and storms could lead to
greatly increased erosion on sandy coasts and
barrier islands (77; seeval. 1, ch. 4).

HOW WILL CLIMATE CHANGE AFFECT
NATURAL RESOURCES?

Climate interacts with ecosystems at every
level, from the individual to the landscape,
throughout the energy and nutrient cycles, and on
time scales ranging from seconds to centuries.
The effect of climate can be direct, through the
action of temperature, evapotranspiration, and

sunlight, and indirect, through variables such as
wind, cloud cover, ocean currents, and the chemi-
cal composition of the atmosphere. For example,
photosynthesis rates are affected by the amount of
sunlight striking a plant’s leaves, which is deter-
mined by cloud cover, which in turn is determined
by such climatic factors as temperature, evapora-
tion, and wind. Similarly, global temperature
affects the amount of precipitation and runoff,
which in turn affects the transport of nutrients on
land and through wetlands; ocean currents, which
are also strongly affected by globa temperatures,
carry nutrients through marine systems. Indeed,
over the long term, climate both shapes the
physical landscape and determines where various
ecosystems can exist (see fig. 2-8). Climate
change of the predicted magnitude is not unprece-
dented, but scientists who warn of the potential
harms of human-induced climate change point
out that past global warming and Cooling occurred
over centuries and millennia rather than decades
(see fig. 2-9).”

i Direct Climate Impacts

Climate is often defined as the long-term
“average weather. " Likewise, predictions for
climate change characterize changes in the Earth’s
average annual temperature. However, individual
plants and animals respond to events on small
temporal and spatial scales. Variability is usualy
more important than annual totals or averages.
The seasonal distribution of precipitation and
temperature, the form precipitation takes (whether
rain or snow), extreme events such as droughts or
floods, climate-generated fire cycles, late spring
frosts, and early fal freezes are al significant
factors in determining the survival and productiv-

14 Land in delta areas often subsides. Sediment from upland areas |oosely packs layers at the river delta where the river meets the ocean;
as sediment accumulates over time, it gradually grows heavier and compresses the underlying layers, so the deltaland mass sinks relative to
the ocean. Coastal land may also subside in areas where offshore oil and gas extraction or pumping of water from coastal aquifers, has hollowed
out underground spaces that are gradually compacted by the masses of land and water above. Much of the northern part of the North American
continent is still slowly rising as it rebounds from the weight of glaciers that covered it during the last ice age and is situated on a tectonic plate
that is being lifted as the adjacent plate slides beneath it; both processes may cause sea levels on the western and Alaskan coasts to appear lower

relative to the coastal land mass.

15 Although recent ice-COVer analysis suggests that climate may have shifted several degrees in a decade or less over regions of Greenland.
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Figure 2-8-Approximate Distribution of the
Major Biotic Regions
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ity of individual organisms. One or several
extreme events (such as a hurricane or drought)
may shape ecosystem boundaries more than many
years of “average” weather. Eventually, how-
ever, when the ‘‘average’ has shifted well
beyond “normal,” ecosystems may have trouble
Persisting."

The Role of Temperature

Temperature and its distribution are important
determinants of plant productivity and survival.
Temperature range exerts three classes of effects
on plants: 1) low temperatures can damage plant
tissues, causing die-offs during unusual extreme
events and controlling the northward or altitudi-
nal migration of plants; 2) in intermediate ranges,
temperature governs the rates of photosynthesis,

Figure 2-9-Long-Term Temperature and CO,
Records from Antarctic Ice Cores and
Recent Atmospheric Measurements
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respiration, the growth and development of seeds,
and other processes, and 3) high temperatures
may stress plants to the limits of their ability to
withstand heat and moisture loss, thus controlling
plant distribution and migration (19). Seasonal
distribution, diurnal cycles (i.e., the variation
from night to day),” and the occurrence and
timing of extremes (e.g., late spring frosts, early
winter storms, and peak summer high and winter
low temperatures) are all aspects of the effects of

16 A shift upward in the mean temperature (with anunchanged standard deviation) will make heat waves Of today more ‘ ‘average’’ in the

future.

17 A longer growing season baszd on temperature may actually prove beneficial for some plants because day length is a major factor in

productivity.
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Box 2-C-Climate Change and Coastal Fisheries

Background

The U.S. commercial, recreational, and sport fishing industries, worth an estimated $14 billion in 1986 (73),
rely on the health of nearshore and coastal areas (such as tidal marshes, coral reefs, seagrass beds, mangrove
forests, estuaries, and banks). Two-thirds of the world’s fish catch, and many other marine species, depend on
coastal wetlands and estuaries for their survival (42). By far the greatest portion of U.S. commercial fisheries
catches, with the exception of those from Alaskan fisheries, are composed of estuarine-dependent species.
Ongoing alterations of critical habitat (such as geographic fragmentation and pollution) may be exacerbated by
climate change.

Much is yet to be learned about the marine environment and the long-term effects that humans have on it.
Understanding the breadth of environmental stresses that affect fish and coastal systems will be essential to
forecasting how climate change may affect these valuable areas. During the 1970s and 1980s, populations of
many commercially important estuarine-dependent fish plummeted. Human activities in the coastal zone are
thought to have been responsible for many of the dramatic declines in fish populations. Overfishing has been
implicated as a primary cause of the declines of some fish stocks, with some 42 percent of species in American
waters considered to be overfished (52). The Atlantic cod fishery of the Grand Banks area has all but collapsed,
triggering industry-related layoffs (primarily in Canada) of more than 30,000 people (75). Migratory species such
as salmon, shad, herring, and striped bass have decreased due to a combination of habitat degradation and
overfishing. The Chesapeake Bay's oyster harvest has declined 96 percent from the levels of 100 years ago due
to disease, over-exploitation, predators, and habitat degradation (18). Nearly half of the Chesapeake’s wetlands
and seagrass meadows, which serve as primary nursery habitat for many migratory species, have been destroyed.
Such destruction will adversely affect future fish populations.

The fishing industry from Southern California to Alaska is experiencing similar troubles as a result of
overfishing, the damming of spawning rivers, water-quality degradation from logging, and other anthropogenic

(Continued on next page)

temperature on plants. Length of the growing
season is also very important, particularly for
agricultural crops. Seed production generaly
requires a certain number of days with a tempera-
ture above freezing, often expressed in terms of
degree-days. At northern latitudes, the growing
season may not be long enough for some species
to set seeds. Longer growing seasons in a warmer
climate could boost productivity of trees and
other plants, especially those that could tolerate
erratic spring and fall weather (e.g., early or late
frosts). Seeds of many tree species, including
conifers, need to be chilled for particular periods
before they will germinate (17, 21), so a shortened
cool season could be detrimental to such species.

In addition to the numerous effects of tempera-
ture on vegetation, temperature exerts other direct

and indirect influences on animals. Higher-than-
usual temperatures can adversely affect the repro-
ductive success of many birds, mammals, and
insects (26). Increased water temperature limits
the availability of oxygen in the water and, in turn,
reduces the amount of oxygen available to fish
and other aguatic organisms (87). For many fish
species, ambient water temperature is critical for
survival (see box 2-C). In addition, temperature
increases can actually reduce the number of
species in a given ecological community (87),
though total biomass may increase.

Warmer temperatures could allow some in-
sects, including various agricultural pests, to
survive winters farther north than they now do.
For example, the potato leafhopper, which is a
pest on soybeans and other crops, now overwin-
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Box 2-G-Climate Change and Coastal Fisheries--(Continued)
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activities. In Alaska,where the seafood indus-
try employs 23 percent of the State’s work
force, this could prove to be a major problem.
More than half of the Nation's seafood harvest
comes from Alaskan waters.

Scientists have hypothesized that climate
warming is likely to alter the distribution and
reproductive success of coastal species (77).
Many marine species are sensitive to narrow
temperature variations. Water temperature
controls the respiration and reproduction rates
of fish. Changes in temperature can also
affect the geographical distribution of species
range because some species will thrive in
warm waters, while others function effectively
only in coder waters. Changes in stream
flows will also be important because they can
alter the salinity of coastal bays and estuaries.
The interactions of temperature and salinity
determine the “tolerance zone” for most fish

\\{ -

‘ . species. Anadromous fishes--which swim
. Vera Cruzian

upstream to spawn, such as salmon--also

depend heavily on stream flow and water
quality (33). If these are altered by climate change, there maybe serious effects on reproductive successin ail
these cases, climate change would be expected to alter the dose associations between species distributions and
reproductive success, and the success of the fishery as a whole. Although it is difficult to estimate the magnitude
of these changes, impacts could upset the stability of the commercial fishing industry on which many coastal
residents rely.

Coastal areas have also been affected by human activities that contribute toxic pollutants and polluted run-
off to marine waters. Runoff from developed and agricultural areas and overflow from storm-water systems
adversely impact these areas. Nutrients cause algal blooms, which deplete oxygen available for fish and other
organisms. Stressed species may become more susceptible to disease and predators. Shoreline construction and
dams have also contributed to fishery population declines. Destruction of estuarine and coastal zones limits
nursery and breeding areas, and dams prohibit fish from reaching upriver spawning grounds (see vol. 1, ch. 4,
and vol. 2, ch. 4).

Regulatory attention has generally not addressed coastal zone management in light of the potential impacts
of climate change. Harvest regulations, which are either inadequate or insufficiently enforced, seem unable to keep
pace with the decline in fish populations (52). In she@ too many fishermen are taking too many fish from
overburdened ecosystems. Traditional fishery management is concerned primarily with a few major resources and
tends to pay far less attention to the other ecosystem elements that fish depend on (77). Increasing concerns about
ecosystem management (see vol. 2, ch. 5) and the upcoming reauthorization of the Magnuson Fishery Conservation
and Management Act (P.L 94-265, as amended) and the Clean Water Act (P.L 92-500, as amended) offer
opportunities to work toward improving fisheries and their habitat. Below, we highlight the regional importance of
marine fisheries and identify particular problems (77).
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Regional Characteristics of the U.S. Coastal Marine Fisheries

Acadian-Boreal (Newfoundland and southern Greenland to Cape Cod, MA)

«Cultural: Indigenous coastal people-New England dam diggers.
= Fishing:
—T7 percent of the Nation's commercial fisheries
--estimated value, $250 million in 1990
--multispecies trawl fishery
-32 percent of species estuarine-dependent
-important species include hard dam, soft dam, American lobster, sea scallops, northern shrimp, Atlantic cod,
butterfish, cusk, flounder, haddock, red and white hake (sliver hake)
—Atlantic cod most commercially important fish in 1989 (valued at $45 million)

= Common problems:
-only remaining self-supporting U.S. salmon runs are in Maine
-lobsters are overharvested
-northern shrimp are at maximum harvest and subject to environmental variability, especially when waters
are warmer

Virginian-Mid Atlantic (Cape Cod, MA, to Cape Hatteras, NC)

» Cultural:indigenous coastal people--Chesapeake Bay watermen.
= Fishing:
--estimated value, $500 million in 1990
—11 percent of the Nation's commercial fisheries
-most important species are blue crab and surf and ocean quahog
-Chesapeake Bay fish: 87 percent are estuarine-dependent

m Common problems:
-region ‘is the most urbanized and densely populated in the United States
--disease, overharvesting, predation, and pollution are rampant--responsible  for reductions in harvestable

shellfish, forcing many watermen out of business
--second to the Gulf of Mexico in the number of point sources of pollution
--striped bass began a precipitous decline in 1973
Carolinian-south Atlantic (Cape Hatteras, NC, to Cape Canaveral, FL)

= Fishing:
-3 percent of the Nation's commercial fisheries
-estimated valued, $169 million in 1990
-94 percent of species estuarine-dependent
-over half of this harvest from estuarine-dependent species
-most important species include Atlantic menhaden, blue crabs, and penaeid shrimp

= Common problems:
-application of pesticides and fertilizers to extensive commercially harvested forested wetlands
degradation of shellfish habitat due to agricultural runoff and septic system overflow

Floridian-West Indian (Cape Canaveral to Key West, FL, and West Indies)

« Fishing:
-values forindividual species are not observed
-important species include the Queen conch, spiny lobster, Nassau grouper, and more than 100 reef fishes

(Continued on next page)
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Box 2-C--Climate Change and Coastal Fisheries--(Continued)

= Common problems:
~growing human populations, gr eat er demands, and t echnol ogi cal i mprovements in catch
-virtually all assessed reef-fish stocks are overharvested
--major tropical storms, including hurricanes, generally affect the area
Louisiana-Gulf of Mexico (Northern Gulf of Mexico from Central West Florida to South Texas)
« Fishing:
—17 percent of the Nation's commercial fishery (with Vera Cruzian)

--estimated value, $648 million in 1989
--leading seafood producer among regions

= Common problems:
~subject to dlevastating floods, tornadoes, hurricanes and tropical storms, erosion, land subsidence, saltwater
encroachment, and sedimentation
--second-fastest-growing population rate of all regions
-more point sources of pollution than any other region
-application of pesticides to agricultural lands is the highest among all regions

Vera Cruzian-West Indian (South Texas to Yucatan Peninsula)
» Fishing:
--fourth leading U.S. port in fisheries value
-major commercial species are similar to those of the Gulf region

= Common problems:
-hurricanes and intense thunderstorms

California-subtropical Eastern Pacific (Southern California(LosAngeles basin) southwardto Mexico and
Central America)
» Fishing:
-major commercial species include Pacific sardine, northern anchovies, and Jack mackerel

= Common problems:
-most wetlands already lost; restoration doubtful
-low-lying coastal areas subject to sea level rise

Oregonian-Temperate Eastern Pacific (California north of Los Angeles to British Columbia)
= Fishing:

-estimated value, $337 million in 1989

-ens-fifth of catch estuarine-dependent species, especially Pacific salmon (Chinook, coho, sockeye, pink and
chum)

--commercial landings of salmon valued at $140 million

-other important species include northern anchovies, Pacific sardine, Jack mackerel, and groundfish
(flatfishes, rockfish, including Pacific whiting, sable fish, Dover sole, widow reddish, and others)

= Common problems:
--confiicts among fishermen, the Fisheries Council, various States, Canada and foreign fisheries regarding
the allocation of resources
-worsening freshwater (spawning) habitat has been the main cause of the salmon decline, and wild coho
stocks of the lower Columbia River were recently declared extinct

Sitkan-North Pacific (British Columbia to base of Alaska Peninsula)
= Fishing:
--56 percent of the Nation's commercial landings of fish (with other Alaskan fisheries)
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--estimated value, $1.5 billion in 1990

-5.4 billion pounds (2.5 billion kg) landed In 1990 (with other Alaskan fisheries)

—T76 percent of species estuarine-dependent

--most important species include Pacific salmon, Pacific herring, Pacific halibut, Gulf groundfish (Pacific
cod, stablefish), king crab, and tanner crabs

=« Common problems:
-some rookeries threatened by fishery operations
-Exxon Valdez oil spill severely contaminated coastal areas

Arctic-Boraal/Arctic (Southeast Bering Sea to Chukchl and Beaufort Seas and Canadian archipelago)
s Cultural:Coastal indigenous people--Eskimo, Aleute

u fishing:
-most important species include Pacific salmon, Alaska pollock, Pacific herring
—pPacific salmon fisheries rank as the State’s largest nongovernmental employer
-provides an integral part of Alaska’s native culture and heritage

a Common problems:
-acme stocks (chinook and echo) may be harmed by foreign high-seas catches, and some salmon may be
regionaly overfished
-destruction of spawning and rearing habitat
-human population in this area is expected to increase by 380 percent between 1960 and 2010

Aleutian-North Pacific (Alaska Peninsula base to Aleutian and Pribilof Islands and Including southwest
Bering Sea)
= Fishing:
-estimated value of groundfish, $352 million in 1990
-dominant groundfish groups are walleye pollock, flatfishes (Yellow sole, rocksole, other), Pacific cod, Atka

mackerel, and shrimp
—Alaska king crab value, $88 million in 1990

=« Common problems:
--The U.S. fishery for shrimp in Alaska is at a low level, and potential yields are not well-understood (91)

Insular-Indo Pacific (Tropical Indian and Pacific Oceans; not shown in figure)
» Cultural: Coastal indigenous people--Papuan, Micronesia, and Hawaiian

= Fishing:
—7 percent of the Nation’s commercial flsheries taken in the Pacific United States and Hawaii
-major species include invertebrates species (spiny and slipper lobsters; gold, bamboo and pink
corals), bottom fish (snappers, jacks, groupers, Pacific armorhead), tropical tunas (yellowfin and
skipjack), and albacore

= Common problems:
-coastal pollution
-destructive fishery technologies (explosives, poison, etc.)
--overfishing by foreign fleets
--ambiguous application of Federal environmental laws

SOURCES: M.R. Chambers, ‘U.S. Coastal Habitat Degradation and Fishery Declines, " in: Transactions of the North American Wildlife and
natural Resources Conference (Washington, DC: The Wildlife Management Institute, In press); U.S. Department of Commerce, National
Oceanic and Atmospheric Administration (NOAA) National Marine Fisheries Service (NMFS), Our Living Oceans, The First Annual report
on the Status of the U.S. Living Marine Resources, NOAA Technical Memo, NMFS-F/SPO-1, 1991; C.G. Ray, G. McCormick-Ray, and F.M.
Potter, Global Climate Change and the Coastal Zone: Evaluation of Impacts on Marine Fisheries and Biodiversityof the U.S., contractor
report prepared for the Office of Technology Assessment, 1993,
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The Roe o Precip a onand So Mols ure
Pre 1ptati n—ormo pre y oilmo ture
(the result of a combination of precipitation,

infiltration, runoff, and evaporation)--directly
affects plant growth through its role in photosyn-
thesis. Although average annual precipitation is
often used to characterize climate zones, the
seasonal distribution is more significant than the
annual total. Adeguate moisture during the grow-
ing season is critical. Seeds need moisture to
germinate, and young plants-both annuals and
perennials--are often quite sensitive to drought.
Vegetation may respond by defoliating, which
reduces water and nutrient demand, helping
plants survive dry periods. Precipitation during
the growing season controls wood growth as well
as the size and maturation time of seeds (21, 42).
Decreases in soil moisture can slow growth,
interfere with reproduction, and cause plants to
die early. Increases in soil moisture are less likely
to cause harm unless the soil in normally dry areas
becomes saturated with water for extended peri-
ods. Standing water can drown the roots of plants
not adapted to wetlands by interfering with
normal respiration; extended saturation of roots
may kill the entire plant.

Direct effects of moisture on many land ani-
mals may often be less important than the indirect
effects-that is, moisture affects plant growth,
which then affects the availability of food and
habitat (86). However, moisture does play a
critical, direct role in the natural history of
invertebrate species (e.g., snails) and is essential
to the survival and reproduction of amphibians
(105). Fish and other aquatic organisms that
inhabit rivers and streams can be threatened by
either too little water during drought periods or
too much runoff flowing into streams. During
periods of high precipitation, water may become
turbid, interfering with the health and functioning
of the aquatic ecosystem. Moistureis also impor-
tant to many microorganisms and fungi, including
many that contribute to human disease or are
considered forest or agricultural pests (described
in more detail below and in val. 1, ch. 6, and vol.

2, ch. 6).
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Sunlight

The amount of available sunlight, or solar
irradiance, that strikes vegetation is an important
variable in photosynthesis and productivity. Indi-
vidual plants or species that make up the canopy,
those near the edges, or those growing in clear-
ings receive more light, whereas those in the
understory are better adapted to lower light levels.
Solar irradiance varies regularly from season to
season and from latitude to latitude. Cloud cover
also affects the quality and quantity of solar
irradiance and its distribution over time, alowing
less sunlight to reach the surface on cloudy days.
If climate change is accompanied by increased
cloudiness, as some models predict, overal plant
productivity could decline. Water stress and high
temperatures may aso affect plant response;
however, plant response to changes in solar
irradiance is complex and difficult to predict (19).

In addition to the total amount of solar irradi-
ance, the number of hours of sunlight per day (day
length, or photoperiod) plays a role in plant
functions such as flowering and the setting of
fruit, and influences the rising of sap indeciduous
trees, such as sugar maple, in spring. Light quality
may aso affect productivity. For example, cotton
depends on very regular day lengths, which only
occur in southern latitudes. Plant species that
might migrate northward as the climate warms
may not be able to reproduce as effectively
because day length islonger at northern latitudes
during the summer and drastically reduced during
the winter (41). On the other hand, adaptation to
a shorter photoperiod may limit northward move-
ment.

Increased CO,

Rising concentrations of atmospheric CO,may
affect the rates at which plants grow, respire, use
water, and set seeds. This is known as the CO,
fertilization effect (see box 2-D). Numerous
laboratory experiments and intensively managed
agricultural systems that have been studied sug-
gest that CO,has the potential to boost plant
growth and productivity by speeding the rate of

photosynthesis, relieving nutrient stress (by im-
proving efficiency of nutrient uptake and use),
increasing water-use efficiency, decreasing respi-
ration (which is a major source of water 10ss),
slowing the rate at which leaves die, and speeding
the development of seeds (27, 42,66,68,69, 93).
Theoretically, the fertilization effect could
compensate for the water stress faced by plants in
areas that become warmer and drier due to climate
change, and might actually increase the total
global biomass (41). On the other hand, various
studies have suggested that in some settings, there
may be limits to and even detrimental effects from
increased CO,. For example, changes in the
amount of carbon in plant leaves affect nutritiona
quality (65), which could mean that foraging
animals would have to eat more leaves to gain the
same amount of nutrition. Increased CO,may
also cause starch to accumulate in plant leaves to
such high concentrations that it could actually
harm the plant by interfering with photosynthesis
(50), though thereis no field data to support this.
Numerous complex factors interact to deter-
mine the extent to which fertilization actually
occurs in natural ecosystems, and many uncer-
tainties about the overal impacts remain. Plant
responses to CO,vary according to species and
stage of development, as well as to water and
nutrient availability (42). Some plant species
aready use CO,efficiently and will not receive
much of a boost, whereas other species are now
limited by their inefficient use of CO,and could
profit from higher atmospheric concentrations.
Plants may experience the greatest productivity
boosts from increased CO,when other nutrients
are plentiful (7). Thus, for example, field studies
have demonstrated that higher CO,concentra-
tions boost productivity in Chesapeake Bay salt
marshes, where water entering the bay isrich in
nutrients (2, 27, 28, 107), but CO,fertilization
does not appear to be significant or permanent in
nutrient-limited tundra and other arctic ecosys-
tems (32, 68). Few other ecosystem types have yet
been tested in the field. Intensively managed
agricultural systems, in which nutrient deficien-
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Box 24)-Coping with Increased CO,: Effects on Ecosystem Productivity

Climate,particularly the combination of temperature and moisture, largely determines where plants grow (14),
and vegetation, in turn, is key to the distribution of animal species. Generally, climate belts vary within the United
States from humid and damp in the Southeast and Northeast to moderately dry in the central regions, to arid in
much of the West, except for a humid belt along the Pacific Coast from northern California to Washington.
Temperature and precipitation maps of the United States reveal bands across the Nation from north to south for
temperature, and east to west for precipitation. Vegetation growth, in type and lushness, varies with temperature
and altitude, but in all cases, solar irradiance is critical to the productivity of living things.

The sun provides the energy that fuels ecosystems; this energy is transformed through the processes of
photosynthesis and photorespiration. During photosynthesis, plants use water and the energy from sunlight to
convert carbon dioxide (CO,) and other nutrients into organic matter and oxygen. This process is dependent on
the concentration of CO,in the air (i.e., ambient CO,), and, therefore, changes in normal CO,levels may affect
photosynthesis and, likewise, plant growth. External environmental factors, such as temperature and the
availability of nutrients, may modify photosynthesis as well. The output of organic matter by an ecosystem is
characterized as its biological, or primary, productivity. Linked to primary productivity is nutrient cycling--the
absorption by plants of vital nutrients (e.g., carbon, nitrogen, and phosphorous) and their subsequent conversion
into usable forms.' The combination of energy and nutrient cycling in vegetative systems determines the nature
of the assemblage of plants and animals in a given area Certain types of plants, growing in certain conditions,
have higher primary productivities than others, Ecosystems that are highly productive often support both large
numbers of other organisms and many diverse species-that is, they are characterized by high secondary
productivityand high biodiversity.”Productivity is also key to carrying capacity --the number of organisms that a
particular area can support. Carrying capacity can vary from year to year based on many factors, including climate,

1 Carbon is derived from CO,through photorespiration; nitrogen and phosphorous are taken up from the soil
and converted to usable forms during the same process.

2 Although definitions vary, biodiversity generally refers to the "variety and variability among living organisms
and the ecological complexes in which they occur” (89).

cies can be remedied by adding fertilizers, may be
more likely to receive a productivity boost from
additional CO,than are natural ecosystems.
Many complex interactions determine to what
extent, if any, the CO,fertilization effect docu-
mented in laboratory studies will occur in natural
ecosystems. The responses will likely vary so
much from ecosystem to ecosystem and location
to location that there cannot be a simple answer to
the question of whether it will present a net
benefit or a net harm.

. Indirect  Climate
Through Stressors

Climate will also have numerous secondary
impacts. Increases in herbivores, disease, and

Impacts

fires, which play an important and visible role in
mediating the near-term effects of climate change
on communities and ecosystems, could result. For
example, athough few trees in a forest may die
outright due to heat or drought, it is likely that
many trees will sicken and become more suscepti-
ble to insects and disease. At the same time, trees
in decline will provide more fuel for frees (83).
The extent to which an area is stressed by
anthropogenic activities, such as land clearing
and pollution, will aso influence the effects of
climate change.

Insects and Disease
Climate may affect the proliferation of insects
and disease in numerous ways. Higher tempera-
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and refers to the individual species or mix of species in a particular ecosystem. Overall, however, ecosystem health
and productivity is dependent on the availability of sunlight, water, nutrients, and CO,,.

Considerable experimental evidence has shown that an increase in the atmospheric concentration of CO,
has the potential to increase plant growth and ecosystem productivity (28). This expected effect of increased plant
productivity in the presence of elevated CO,concentrations is known as the “CO,fertilization effect,” and it is
expected to be particularly pronounced in the presence of plentiful supplies of light, water, and nutrients. Over the
long run, this effect may help alleviate the rate of global warming by drawing excess CO0,from the atmosphere
(8), although researchers are uncertain about the extent to which this will occur (vol. 2, see box 6-B).

Plants vary in their response to CO0,in part because of differing  photosynthetic mechanisms-- most species
follow the C,pathway and some, the C,pathway. C,species (e.g., wheat, rice, soybeans, and all woody plants)
are not yet fully saturated with CO,and may greatly increase their productivity, whereas C,species (e.g., corn,
sorghum, sugar cane, and tropical grasses) are almost saturated with CO,and their productivity may not be much
affected. Added productivity of C,species from doubled CO,may be in the O to 20 percent range, and in the 20
to 60 percent range for C,species. The differential effects of CO,could alter the dynamics of competition among
species, with C,plants potentially prospering at the expense of C,species. In agriculture, this competition among
plants may prove important. Because 14 of the world's most troublesome weed species are C, plants that occur
amidst C,crops, enhanced CO,concentrations may make such weeds less competitive (73). However, many of
the major weeds of corn (a C,crop) in the United States are C,plants; climate change may favor the growth of
these weeds. Similarly, natural grassland ecosystems where C,grasses now dominate may be invaded by weedy
plants. Competitive success, however, does not depend solely on response to CO,. Competition among species
in natural ecosystems will continue to depend on the ability of species to tolerate soil, light, temperature, and
moisture conditions. Because of the complex effects of competition among species, it is by no means clear how
the overall productivity of natural ecosystems will increase under elevated CO,(8).

SOURCES: B.G. Drake, "The Impact of Rising C0,on Ecosystem Production,” Water, Air, and Soil Pollution, vol. 64,1992, pp. 25-44; P.M.
Kareiva, J.G. Kingsolver, and R.B. Huey (ads.), Biotic Interactions and Global Change (Sunderland, MA: Sinauer Associates, Inc., 1993).

tures could accelerate the growth rate of insects.
If the number of warm days per year increases, the
number of insect generations per year may
increase. Also, the range of many insects is
determined by cold winter temperatures. As
described in the section above on temperature
impacts, milder winters could allow insects such
as leafhoppers (agricultural pests) to spread north
of their present range. Hot, dry conditions encour-
age the growth of numerous fungi in forests (such
as Armillaria mellea, a fungus that causes root
disease), which can cause widespread damage in
many types of forests. Warm, humid conditions,
which favor soil and leaf-litter organisms as well
as decomposition, may encourage the growth of
other fungi and insect pests, such as aphids, which
can also be quite damaging,

Once stressed by heat or drought, vegetation
may become more susceptible to pests (58).
Changes in CO,concentration may affect the
composition of leaves, potentially making them
less nutritious, so insects might have to consume
more to obtain the same amount of nutrients (8).
Thus, damage from insects and disease might
increase, and in some cases, the effects of climate
change may become noticeable over the short
term. Over the long term, damage from insects
and disease may cause less-adaptable species to
decline, potentially opening the way for exotic
species to migrate into communities (21, 83).

Extreme Events

Periodic but unpredictable events such as
extended drought, storms, and fire are among the
primary natural factors that shape ecosystems.
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Severe storms accompanied by high winds and
rain, hail, or ice may cause significant wind
damage in forests, toppling older trees and
leaving atrail of debris, but also clearing space for
new vegetation to take root (see vol. 2, ch. 6).
Storm damage may reduce habitat for birds and
wildlife that prefer a dense forest canopy and little
undergrowth, but could increase food and habitat
for animals that thrive in mixed forests with
cleared areas, such as deer. In coastal areas,
tropical storms and their accompanying high
winds and waves play an enormous role in coastal
processes (see val. 1, ch. 4).

The occurrence of fire is critical in determining
vegetation types, successional history, and wild-
life speciesin forests in more arid areas, such as
prairie and chaparral, and in wetlands. Fire is
important in maintaining prairie, but the control
of fire has virtually eliminated most naturally
occurring prairie areas. In some wetlands, includ-
ing the Okefenokee Swamp and others along the
Atlantic coastal plain, fire has played an impor-
tant role in clearing shrubby growth and maintain-
ing wetland vegetation. Under normal conditions,
fire clears out forest undergrowth, damaging
some trees but allowing new ones to take root,
thus creating a more open stand of trees (see val.
2, box 5-1).

Fire has been recognized for playing an impor-
tant role in vegetation succession. In areas where
fires have been suppressed and fuels have accu-
mulated, however, fires may become so hot that
they cause severe damage, and forests may
regenerate slowly or not at all. For example,
chaparral ecosystems in the foothills of California
rely on fire to spur the growth of the shrubby
plants that dominate the area; however, in areas
where fire has been suppressed, a fire that does
occur will be more damaging, and the regenera-
tion of chaparral species maybe affected. Natural
fire regimes are influenced by the frequency of
lightning (which may or may not increase as the
climate changes), the presence of hot, dry winds
to carry afire once ignited, and an abundance of
dry fuel provided by the buildup of undergrowth

or vegetation that has died from drought or
disease, aswell as by dry, living vegetation (22).
Fires may increase under changed conditions, but
the ability of species to regenerate in areas with
less moisture, because of climate change, maybe
reduced. Thus, recovery may not occur.

Anthropogenic Forces

Climate change may serve to make species or
ecosystems more susceptible to stresses from
human disturbance. Human activities have be-
come so widespread that they are now a pervasive
influence on much of the environment. Agricul-
ture, timber harvesting, road building, and urban
development have fragmented the landscape,
carving natural areas into ever smaller and
less-connected patches (see val. 2, box 5-E). This
fragmented landscape may offer few opportuni-
ties for organisms to adapt to a changing climate.
Fragmentation often isolates small populations of
plants and animals, which may limit genetic
diversity and make them less able to adapt to
change over time. These small, isolated popula-
tions may also be prevented from moving to new
and more favorable areas by barriers such as
roads, buildings, or large cultivated fields. In
addition, humans may respond to changes in
climate by adopting land uses (such as more
extensive cultivation) that further fragment the
landscape, exacerbating the stresses on flora and
fauna.

Human activities may also result in the into-
duction of weedy and nonindigenous species that
flourish in the disturbed areas and that may
eventually outcompete other species, leading to
local extinctions and reducing the diversity of
ecosystems. In areas where weedy or nonindi-
genous species aready pose athreat to a particu-
lar species or ecosystem, the added stress of
climate change may further tip the balance in
favor of weedy species that thrive in disturbed
conditions. Similarly, air pollution in urban areas,
and in much of the Northeast, already threatens
the health of many plant species. Climate change
could further weaken individuals that are already
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stressed by pollution, and could make them more
susceptible to insects or diseases.

Although climate change might not be the
proximate cause of ecosystem harm, it could
increase the potential for damage. In sum, climate
change may exacerbate many other stresses, both
natural and anthropogenic.

B Direct Climate Impacts on Ecosystems

As temperature and moisture regimes change,
climatic zones could shift several hundred miles
toward the poles, requiring plants and animals
either to migrate or adapt to a new climate regime.
The rate of change will determine the degree of
impacts. some species might be able to keep up
with change, others could become extinct-either
locally or globally (see box 2-E). The ability of a
species to adapt will be critical to its surviva. By
the same token, the decline and disappearance of
species that are unable to adapt will decrease the
biodiversity of ecological communities. Such a
reduction may leave the remaining species more
vulnerable to catastrophic events. Ecosystems,
the assemblages of plants and animals, are
unlikely to move as units, but will instead develop
new structures as species abundance and distribu-
tion are altered (42).

The general distribution of ecosystems is
related to climatic conditions. The Holdridge life
zones shown in figure 2-10 characterize regions
of North America according to the general
vegetative ecosystem suited to current climate
conditions. Under climate change scenarios pro-
jected by four GCMSS, this distribution of vegeta-
tion zones will shift significantly (34). There is
general agreement among scenarios about the
direction of change: the extent of tundra and
cold-desert climate zones will decrease, and the
area of potential forest and grasslands will
increase. Despite this general agreement, there
are qualitative differences, with dry forest types
increasing under some climate scenarios, and
moister forests increasing under others. Overall,
as much 80 percent of the land in the United States

.y

Alpine areas are awash in color when spring and

summer flowers bloom.

may shift to anew vegetation zone (see fig. 2-11).
Associated with such shifts in climatic zones
could be large-scale disturbances to existing
ecosystems.

Adjustment of Species

Natural adjustments to climate change could
begin with the failure of some species to repro-
duce because flowering, fruiting, and seed
germination-and in some animals, reproductive
physiology or mating behavior--could be af-
fected. All of those processes are particularly
sensitive to climate. Reproductive failure might
allow new species to invade, or give a competitive
advantage to other species already present. Thus,
a gradual adjustment could occur, athough in
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Box 2-E--Responses of Natural Systems to Climate Stress:
Adaptation, Migration, and Decline

Resonses 0f i ndi vi dual s and communities to climate stress fall into three basic categories: adaptation,
migration, and decline and die-back The extent to which individuais and communities respond may depend on
the rate and magnitude of climate change.

Adaptation

It is difficult to predict which species, populations, communities, ecosystems, and landscapes will prove most
able to cope with climate change because of the many variables and uncertainties that exist. However, biological
diversity affords populations the ability to adapt to changes in the environment by serving as a natural protection
against shocks and stress."The rule that there is security in diversity is an axiom of ecology as well as finance....
Biological diversity is a natural protection against surprises and shocks, climatic and otherwise. Among diverse

species will be some adapted to prosper in a new landscape in new circumstances” (21).
in species with diverse gene pods, the chances will be greater that some individuals will possess a

combination of genes that is useful in new environments, such as genes that determine drought resistance and
tolerance to extreme temperatures or salinity. These individuals will be the most likely to survive and pass along
adaptive characteristics to their offspring. At the community level, diversity may also increase the chances for
survival. For example, a forest stand composed of a single species or of trees that are all the same age may be
less able to withstand climate change than a forest composed of several species within a range of ages.
Biodiversityis generallyconsidered an important trait at the ecosystem level, too, because it increases the chances
that the overall structure and function of an ecosystem will persist or adapt to changing conditions, even if somej
species that  were formerlypart of the ecosystem no longer remain (21).

Some species may prosper under climate change conditions, others may be able to adapt relativiely quickly,
and still others may prove unable to adapt at all and may face extinction. As a result, ecosystems may change
as differed plant species become dominant and different animal species become associated with altered habitats
(21). Species in varied landscapes maybeable to find microclimates within their current ranges that are suitable,
and some species may even thrive and expand their ranges. Species already adapted to disturbed environments
(e.g.,.weedy  species) may be particularly resilien to changes in climate. On the other hand, species with extremely
specific and/or narrow habitats maybe more at risk to changes in climate. In addition, species on the fringe of
habitats, in transitional zones, may also experience greater stress from the impacts of climate change because
these species may not be well-established. On the whole, sores species may be restricted bya variety of biological
and physical imitations, but others will be able to adapt to the conditions brought on by climate change.

Certain wildlife species may be able to alter their diet in favor of other, exotic but newly available plant species.
White-tailed  deer, mule deer, moose, elk, and other species benefit from human activities that disturb ecosystems
and alter habi tat (22). If, for example, climate change contributes to the conversion of a dense, forested habitat
to a more open area, species such as these would likely benefit. Similarly, some birds, such as robins, starlings,
and @is, may adapt easily to alterations in habitat caused by climate change (22). These species tend to feed
on a variety of different organisms and are territorial and aggressive in nature. They are very good at vying for
resources with less competitive and smaller birds.

Migration

Some communities and ecosystems might have to migrate to survive the environmental conditions that could
result from climate change. Most species of vegetation and wildlife have the ability to migrate to some extent.
However, adverse conditions, such as landscafegmentation, may limit this ability (see vol. 2,ch.5). in addition,
the ability of a species to migrate depends not only on environmental conditions but on dispersal rate. Animals
can generally disperse much more quickly than plants (22). However, because wildlife independent on vegetation
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for survival, many species are forced to migrate only as fast as vegetation does (94). Therefore, the health and
survival of many species will be dependent on the response of vegetation to climate change.

Dispersal rates for vegetation are considerably slower than the projected rate of climate change,and,
therefore, some species will not be able to migrate as fast as their corresponding climatic regimes. For example,
most North American tree species can migrate at 12 to 25 miles (20 to 40 kilometers) per century, but climate
regimes are expected to migrate at much faster rates, in some cases by at least an order of magnitude (106). In
particular parts of the United States, climatic regimes may shift hundreds of miles by as early as the middle to the
end of the next century (43, 74). Because some species will be unable to keep up with the pace of climate change,
their range may be reduced, or they may become extinct.

Coastal and estuarine wetland vegetation will likely attempt to migrate inland as the sea level rises. Their
success in migrating will depend on the steepness of the coast and obstructions to migration that might exist, such
as rocky areas and human-built structures. Wetlands fringing the playa lakes of the Southwest may retreat along
with the water levels if increased evaporation, in a hotter and drier climate, causes water levels to drop. Alpine
tundra will likely migrate toward higher altitudes as lower areas become warmer and drier.

In all of these cases, wildlife and other organisms that are dependent on these ecosystems for survival may
attempt to migrate as well. The least Bell's vireo, an endangered species completely dependent on riparian
vegetation for survival, may lose a great deal of habitat if inland drying occurs (22). The jack-pine forest in northern
Michigan, which provides critical habitat for the endangered Kirtland’s warbler, could die off and be replaced by
a sugar maple forest in as few as 30 years under climate change conditions (1 1).

In each case, the ability to migrate will be limited by adjacent land-use patterns and the availability of areag
to which organisms can migrate. “Barriers,” such as roads, cities, and agriculture, degrade habitat quality and limit
the ability of vegetation and wildlife to move or spread. Roads may pose a formidable physical barrier to animal
migration, and even plants may have difficulty “moving” across roads if their seeds are too heavy to be dispersed
easily and overlarge distances by wind. Vast expanses of suburban developments now occupy sites that formerly
could have offered either suitable destinations or pathways for migration of plants and animals from one locale
to another. Many animals will not cross seemingly small obstructions, such as railroad clearings or roads, to g€
to nearby suitable habitat (22). Agricultural land and other highly managed areas prevent species from naturally
establishing themselves. In general, the ability of plants and animals to migrate in response to climate change i$
largely affected by anthropocentric influences and factors. Nevertheless, many species will be sufficiently
resourceful to migrate successfully, and some may even thrive and expand their ranges.

—

Decline and die-back

If climate change is rapid or severe, some species, ecosystems, and landscapes may not be able to adapt
Changes in climate may cause severe loss of function or value in certain species, ecosystems, and landscapes,
or may result in the disappearance of certain species or entire ecosystems. Just as human land-use patterns may
limit migration, they may also ultimately limit the chances for some species or ecosystems to survive. Some species
are well-suited to a very narrow set of environmental conditions, but lack characteristics that would allow them to
move or adapt easily to new environments. When human activities reduce or eliminate their normal habitats, these
species are likely to show signs of stress leading to decline or die-back.

in forest systems, decline and die-back occur when a large proportion of a tree population exhibits visible
symptoms of stress, unusual and consistent growth decreases, or death over a large area Such distinguishing
characteristics can be irregular in distribution, and discontinuous but recurrent in time. In all cases, however,
decline and die-back are the result of complex interactions of multiple stress factors (83). Some common abiotic
factors include drought and low- and high-temperature stress. Biotic agents include defoliating insects,
root-infecting fungi, and borers and bark beetles. Typically, declines are initiated by an abiotic stress, with mortality
ultimately caused by a biotic stress agent.

(Cotinued on next page)
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Box 2-E—Responses of Natural Systems to Climate Stress:
Adaptation, Migration, and Decline--(Continued)

More often than not, the decline and die-back scenario is a direct or indirect response to a change in some
climatic variable. Changes in precipitation and temperature patterns have been shown to have an interactive and
sequential influence on the health of forest systems. Drought conditions tend to enhance the possibility of insect
attack For example, sugar maple in northern forests is extremely sensitive to extreme changes in temperature.
Moist, warm weather is particularly conducive to the spread of Eutypella canker, a serious stem disease, whereas
drought periods favor the spread of Armillaria decay; wind damage and sudden temperature drops significantly
favor certain cankerous fungi, and the lack of snow cover can result in deep root freezing (83). Nevertheless, these
phenomena have sufficient common characteristics in various forest tree species to allow for some generalization;
changes in climate will almost certainty exacerbate existing stresses, further influencing forest decline and
die-back

Some ecosystems will be influenced by changes in sealevel rise. For example, coastal wetlands have been
able to keep pace with a sealevel rise of approximately 0.04 inches (1 mm) per year for the past 3,000 years, which
Is the rate at which many marshes are able to accumulate material. However, climate change is sure to increase
the rate at which sea level rises, which may ultimately drown these wetlands (98). Likewise, alpine and arctic
ecosystems may shrink and, in some sites, disappear if the amount and speed of climate change exceed the rate
at which these systems can migrate upslope. On the whale, the rate at which climate change occurs will have a
direct effect on the rate at which ecosystems experience declines in population and die-back responses.

SOURCES: P.M. Karelva, J.G. KlngRsolver and R.B. Huey (de.), Biotic Interactions and Global Change (Sunderland MA: Sinauer
Associates, Inc., 1993), 559 pages; R.L. Peters and J.D.S. Darling, “The Greenhouse Effect and Nature Reserves," Bioscience, December
1985, pp. 707- 17; C Zabmskl and M.B. Davis, “Hard Ti mes Ahead for Great Lake Forests: A Climate Threshold Model Predicts Responses
to COinduced Climate Change,” in: The Potential Effects of Global Climate Change on The United States, Appendix D: Forests

EPA-230-95-89-054, J.B. Smith and D. Tirpak (eds.) (Washington, DC: U.S. Environmental Protection Agency,June 19S9).

some areas, or for some species, slow processes of
seed dispersal, soil development, and achieve-
ment of sexual maturity may curtail adaptation.
Pollen records suggest that temperate forests can
migrate at approximately 62 miles per century,
but the correlated growing-season conditions may
shift by 200 miles for every 4 OF (2 ‘C) of
warming, so even in the lower range of climate
change predictions, some tree species might not
be able to keep up. Modeling results suggest that
if a forest includes some species that are better
adapted to a new climate, those species may
become dominant, but if none of the species are
better adapted, the whole forest might decline.
However, climate change is unlikely to decimate
vegetation and make land barren, except in
limited areas that are now arid and that may
become even drier. Rather, ecologica communi-
ties are likely to change as rapidly moving and

widely dispersing species (e.g., weeds) increase
in number, while slower-moving species decline
and disappear (21).

The adjustment process will not occur uni-
formly across species, communities, and ecosys-
tems. Plants or animals attempting to migrate to
new areas may face competition from those that
gtill remain. Some migrators may be able to
compete effectively, and others may not. For
example, wetland vegetation may attempt to take
root further inland as sea level rise inundates
coastal marshes, but existing inland plants that
survive may temporarily block the path. Migra-
tion may aso be blocked by areas rendered
unsuitable as a result of human use. Some wetland
species may be more capable than others of
establishing themselves among the inland vegeta-
tion. Thus, many species, as well as ecosystem
processes and interactions, may be reshuffled,
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Figure 2-10-The Distribution of Holdridge Life Zones Under Current Climate Conditions
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especialy at the boundaries of current ecological
zones, where ecosystems are the least mature and
the most stressed (21). However, plants that are
capable of migrating or adapting may not neces-
sarily be the most desirable. Climate change
could lead to an increase in less-valued species
and a change in ecosystem composition.

Development of Asynchrony

The migration of vegetative species could put
many organisms ‘‘out of sync’ with their envi-
ronments and disrupt many symbiotic relation-
ships. As plants migrate inland and upland,
pollinators and other vectors that assist in the
reproductive process may not move at the same
rate. If insects and birds are left behind, plants will
face significant losses in populations, and some
may become extinct. This may be especialy true

for organisms with very specific ranges, whether
they be limited by topography, precipitation, or
temperature. In addition, insects and birds may
arrive at their migratory destinations prematurely,
before feeding and nesting conditions are opti-
mal, or too late, after resources have been
exhausted. Organisms will be exposed to differ-
ent and varying conditions, such as photoperiod,
intensity of sunlight, and temperature, unlike
what they are currently acclimated to, which may
affect reproductive capabilities as well. In addi-
tion, some plant species may alter nutrient cycles
and other processes in order to adapt to new soil
and moisture conditions. This could not only
adversely affect the heath of plants, but could
reduce their nutritional value, thereby affecting
the health of the wildlife that depends on them for
sustenance. Marine species will face similar
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Figure 2-n-Percent of U.S. Land Area Shifting
Holdridge Life Zones After CO,Doubling
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Many species of birds, like this Clark’s nutcracker,
are dependent on specific habitats that provide
sustenance and cover. Fragmentation of these areas
could have a dramatic impact on populations unable
to locate mating, nesting, feeding, and over-wintering
habitat.

difficulties because most fish require specific
conditions for reproductive activities to occur at
optimum rates. Anadromous fish (those that swim
into freshwater streams from the sea to spawn)
may be most affected as salinity in intertidal
waterways is atered due to sealevel rise. On the
whole, the migration of vegetation in response to
altered climate and the subsequent response of
insects, birds, and other organisms could have
significant impacts on ecosystem structure, func-
tion, and value.

I Interactions Among Climate, Ecosystems,
and the Physical Environment

Climate change will affect living organisms
both directly and indirectly, as described above,
but it will also affect the processes of the physical
environment in which they exist-soils and
nutrient cycling, the hydrologic cycle, and pho-
torespiration. Effects on the physical environ-
ment and living organisms will interact and cause
further modifications to the environment and the
organisms. Because the various biological and
physical processes are intricately interconnected,
with many feedbacks among them, it is difficult
to predict what the overall effect of climate
change will be. The following sections suggest
the range of interactions between climate and the
biological and physical processes it affects.

Interact/on of Water Resources and Ecosystems
Water influences ecosystem function, but eco-
systems, in turn, influence the flow of water
through the hydrologic cycle (see fig. 2-12 and
vol. 1, ch. 5). Waterfals to the Earth’s surface in
the form of precipitation. Some water stays on the
surface and evaporates relatively quickly. Some
percolates into the soil and is taken up by
vegetation, from which it is eventually transpired
through the processes of photosynthesis and
respiration. The remaining precipitation moves
from upland to low-lying areas--on the surface,
as shalow groundwater flow toward rivers or
streams, or by infiltrating more deeply into and
through aquifers, eventually emptying into rivers,
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Figure 2-1 2—The Hydrologic Cycle Shows How Water Moves Through the Environment
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lakes, and oceans, from which it eventually
evaporates-and the cycle begins again.

The extent to which water evaporates, dis-
charges to surface water, seeps into the ground, or
remains on the surface depends on the amount and
form of precipitation, the temperature, the topog-
raphy, the nature of soils (whether sandy or
clayey, and the content of organic matter), and the
types of vegetation. Vegetation moderates the
cycle in several important ways: it adds to the
organic matter of soils, increasing their water
retention; roots and stems may physically anchor
soils and slow the passage of water and channel
water below ground, further reducing runoff; and
canopies of leaves reduce droplet impact on the
soil and affect the rate of evapotranspiration.
Because of these interactions, changes in vegeta-
tion may cause changes in the hydrologic cycle.

For example, a semiarid grassland that is stripped
of vegetation through overgrazing (by either wild
or domestic herbivores) may lose some of its
ability to retain water as plants no longer slow
runoff or take up water to release it slowly later.
The interaction of changes in the ecosystem and
the hydrological system may eventually lead to
desertification.

Climate interacts with the hydrologic cycle on
different scales. Global average temperatures
affect how much moisture can be carried in the
air, how quickly clouds form, how readily clouds
yield precipitation, and how much precipitation
occurs and in what form (e.g., rain or snow), as
well as the large-scale wind patterns that carry
clouds from one region to the next. On aregional
or local scale, temperature affects the rate at
which water evaporates from the surface or
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transpires from plants. Temperature further af-
fects the rate of evapotranspiration by influencing
the form in which precipitation falls. Rain typi-
caly runs off soon after it falls. Snow may remain
on the surface for a considerable amount of time,
with the delayed runoff supplying downstream
and adjacent areas with water during the spring.
Thus, global and regional changesin temperature
and precipitation can affect the hydrologic cycle
and the related ecosystem interactions in numer-
ous ways.

The predicted changes in global climate will
essentially increase the rate at which the hydro-
logic cycle occurs, athough different hydrologic
models yield rather different scenarios of what the
regional results will be (79). As outlined above
and in volume 1, chapter 5, total global precipita-
tion is expected to increase 7 to 15 percent, but
warmer temperatures will allow for greater and
more rapid evapotranspiration, which could lead
to drier conditions in some areas (particularly in
midcontinent, midlatitude regions). Hydrologic
studies suggest that river watersheds can be quite
sensitive to even small climatic changes, particu-
larly in arid and semiarid areas, where annual
runoff tends to be highly variable. In river basins
where snowmelt is important, both the annual
total runoff and its seasonal distribution can be
affected by changes in temperature and precipita-
tion. Overall, climate change is expected to lead
to significant changes in both high-flow and
low-flow runoff extremes (42).

Soils, Nutrients, and Vegetation

Soil development and nutrient cycling rely on
a dynamic interaction among rock, plants, fungi
and microorganisms, and atmosphere. The devel-
opment of soils depends in part on the rock that
contributes sediments as it erodes and weathers,
on the kinds of plants that grow on the soil
generating detritus of varying composition, and
on the microorganisms associated with the plants
that decompose the detritus into nutrients and
organic matter. Nutrients, including carbon and
nitrogen, are cycled in various forms through

plants, soil, and the atmosphere. The type of soil
that has developed may limit the kinds of plants
that can easily take root and survive (which then
provide habitat for particular animal species that
affect nutrient turnover from plants). The pres-
ence of vegetation further affects the soil by
anchoring it, thus preventing erosion.

Both temperature and moisture affect the type
of vegetation that grows, the amount of detritus
produced, and the rate at which litter decomposes
and releases nutrients that can then be used by
other plants, animals, and microorganisms. With
intermediate levels of moisture, increased tempera-
tures accelerate decomposition. This may free
more nutrients in the short term, potentially
boosting productivity. However, faster decompo-
sition could also release more carbon (in the form
of CO,from the soil, particularly in the northern
United States, where soils store a large share of
the globa carbon, thus amplifying the greenhouse
effect. Furthermore, as described in the earlier
section on CO,, increased concentrations of
atmospheric CO,will likely lead to changes in the
composition and structure of plant leaves. The
ratio of carbon to nitrogen may increase, which
may actually slow the rate at which these leaves
decompose and release minerals (see box 2-D).
Changes in precipitation and runoff will aso
affect whether nutrients are maintained or lost
more quickly from soils. More-frequent or more-
severe storms could cause more erosion and soil
loss in areas where land use is intensive or where
vegetation has declined because of atered climate
conditions (19, 42, 64).

The overall effects of climate change on soils
are difficult to calculate because of the many
complex and interacting processes that contribute
to soil development. Regardless of the long-term
change in soils, in the shorter term, soils may play
an important role in vegetation changes. As
temperatures warm, the suitable ranges or climate
conditions for many plant species may expand
northward. However, soils at the northern edge of
the United States and into central Canada tend to
be thinner and less fertile than those in the
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Midwest, which may make adaptation difficult
for some species. In agricultural systems, any lack
of nutrients in the soils can be compensated for by
adding fertilizers, although there may be environ-
mental costs associated with this (see vol. 1,
ch. 6).

SealLevel, Oceans, and Coastal Ecosystems

The many interconnected physical changesin
oceans and coasts will affect marine ecosystems
in numerous ways (see box 2-C). Wave patterns
in certain areas could be altered as a result of
changes in regiona climate, which could affect
the stability of coastal areas.

Coral-building organisms thrive at a rather
narrow range of water temperatures and depths.
Although these organisms build reefs at a rate of
up to 0.6 inches (1.5 cm) per year, fast enough to
keep up with predicted sea level rise, other factors
such as storms and warmer water temperatures
could interfere with their growth and, in some
cases, could kill the organisms. Loss of coral reefs
would change the wave and water patterns near
the coast and could allow for increased coastal
erosion. Likewise, mangrove trees along many
tropical coasts play an important role in shore
stabilization. Sea level rise could inundate some
mangrove swamps. As these trees die, the coast
would be left vulnerable to erosion. In addition,
the potential elimination of salt marshes and
seagrass beds could have serious effects on
marine organisms. However, wetlands may mi-
grate landward at a rate dictated by the landward
slope and sea level rise. In any case, the physical
and biological changes along oceans and coasts
could interact to amplify the effects of climate
change (see val. 1, ch. 4).

WHICH NATURAL RESOURCES ARE MOST
VULNERABLE TO CLIMATE CHANGE?

Although regional predictions of the natural
resources most at risk from climate change cannot
be made based on existing knowledge, certain
characteristics may put some parts of a natural

resource system at greater risk than others. For
example, ecosystems with limited options for
adaptability-such as alpine ecosystems, old-
growth forests, fragmented habitats, and areas
already under stress-may be particularly vulner-
able to changesin climate (42) (seeval. 2, ch, 5).
How ecosystems will fare under climate change
also depends on other factors that influence soil
and water chemistry, including land use, air
pollution, and water use (21). Although systems
at the edges of their ranges and those aready
stressed may be at the greatest risk from climate
change, some systems that now appear healthy
could also suffer.

Natural ecosystems may be more vulnerable to
climate change than managed ones. Furthermore,
natural or less managed ecosystems may be
affected not only by changes in climate, but by
further stresses resulting from human responses
to those changes, such as increased irrigation,
diversion of water from streams, and expanded
tillage or grazing (see vol. 2, chs. 4 and 5). On the
other hand, poor management responses in for-
estry and agriculture, such as planting species that
are not well-adapted or maintainingg stands at high
densities, could make some managed areas vul-
nerable as well (seevol. 1, ch. 6, and val. 2, ch. 6).
Vulnerability to climate change will certainly
vary widely, and predictions about how systems
will respond to climate change are difficult to
make.

Changes in soil moisture may be among the
best indicators that a natural resource system is
becoming stressed. Figures 2-6 and 2-7 illustrate
areas of the United States that may face changes
in soil moisture under the climate change sce-
narios projected by GCMS. The extent to which
these changes in soil moisture will affect areas of
significant natural cover (34) is presented in
figure 2-13. The figure shows the percent of area
in each land class that is becoming effectively
wetter (measured above the zero axis) or drier
(below the zero axis). The GFDL scenario pro-
duces dramatic effects, with the majority of al
existing ecosystems except tundra and deserts
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Natural disturbances, such as the Yellowstone fires,
create openings in forested areas where grasses and
wildflowers can flourish. This provides new food
sources for elk and other wildlife. Fires also promote
recycling of nutrients, which enriches the sail,

moving toward drier climatic regimes. Almost 80
percent of agricultural lands of the United States
face drying under the GFDL scenario. The GISS
scenario produces a mix of wetting and drying in
areas of natural cover, with the exception of some
noticeable drying in the wetlands. Agricultura
lands (the Midwestern corn belt and California)
are more effected, with over 40 percent of the
agricultural lands showing some drying under the
GISS scenario.

Natural resource systems could change in any
number of ways in response to a changing
climate, but not al changes damage things that
humans value. For example, agradual shift in the

boundaries of a wetland would probably not be
considered a damage unless this results in a
reduction of the habitat, flood control, water
faltering, or recreational services offered by that
wetland. Similarly, an increase in tree mortality
may be of no concern in a forest valued as wildlife
habitat rather than as a source of timber supply.

The degree of human intervention may aso
influence the vulnerability of natural resource
systems to climate change. Depending on how
natural systems are valued, they may be managed
along a spectrum from active to passive manage-
ment regimes. Because intensively managed sys-
tems are considered valuable, and because people
are aready exerting effort and expense to keep
them productive, use of additional measures to
respond to a changing climate is likely. On the
other hand, wilderness areas are essentially
unmanaged-but highly valued precisely because
of this lack of management. Active intervention
to protect these areas seems unlikely (see vol. 2,
ch. 5), but there may be little loss of value from
any but the most extreme effects of climate
change on these natural areas. Thus, climate
impacts on natural resource systems and the need
for taking precautionary actions in preparation for
climate changes cannot be evaluated without also
considering how people value and manage these
resources. These are the issues considered in
subsequent chapters that investigate the effects of
and possible responses to climate change in
individual natural resource sectors. coastal sys-
tems, water resources, agriculture, wetlands, pre-
serves, and forests.

The Intergovernmental Panel on Climate
Change, the National Academy of Sciences, and
the U.S. Environmental Protection Agency have
al conducted assessments of the potential im-
pacts of climate change (see box 2-F). Their
reviews describe numerous impacts of climate
change on U.S. natural resource systems, which
laid the foundation for this report. Subsequent
chapters will summmize some of the predictions
made by these reports for individual natural
resources, then explore in greater detail the
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Figure 2-13-Soil-Moisture Changes Under the GFDL and GISS Climate Change Scenarios,
by Land-Use and Cover Type
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1993.

vulnerability and adaptability of the various
resources and the potential management strate-
gies and policies that might assist adaptation.
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Box 2-F--Major Assessments of Climate Change Impacts

Three major assessments by national and international organizations have addressed the potential impacts
of climate change: the U.S. Environmental Protection Agency's (EPA’s) 1989 report, The Potential Effects of
Climate Change (94), the three-volume climate change series issued by the Intergovernmental Panel on Climate
Change in 1990 (42, 43,44, and the 1992 supplement (45)), and a 1991 report by the National Academy of
Sciences, Policy Implications of Greenhouse Warming (22), and its 1992 supplement These reports focus on
different aspects of climate change. Taken together, they lay the foundations for OTA’s assessment of the
adaptability and vulnerabilityof systems to climate change, and their findings are cited throughout this chapter!

The EPA Report-In 1987, Congress requested that EPA study “the potentialhealth and environmental
effects of climate change including, but not... limited to, the potential impacts on agriculture, forests, wetlands,
human health, rivers, lakes, estuaries, as well as societal impacts.” To respond, EPA conducted a massive 2-year
effort, hiring more than a hundred contractors to model potential effects on each system, and contracting out
several regional case studies to integrate how all impacts might interact in different regions. The results were
synthesized in a 400-page report accompanied by 11 appendixes of contractor papers.

EPA used regional predictions of temperature and precipitation generated by four major general circulation
models (GCMs) to examine the sensitivities of managed and unmanaged systems and to evaluate regional effects.
The climate predictions were distributed to contractors, who then incorporated the results into their own models
for crop growth, forest productivity, farm-level decisionmaking, etc., to predict the potential effects on particular
systems and in particular regions.

EPA found that unmanaged systems such as coastal wetlands, parks, and forests “may be unable to adapt
quickly to rapid warming.” Effects could include a reduced range for many tree species, changes in forest
composition, a decline in cold-water fish and shellfish (although some warm-water species could benefit), an
increase in species extinction, loss of coastal wetlands, and an increase in salinization of estuaries. Such impacts
could begin in 30 to 80 years. Climate changes may heighten the effects of other stresses (such as pollution,
increased radiation accompanying stratospheric ozone depletion, pests and pathogens, and fire). For example,
climate-induced stress may make large regions of forests more susceptible to other stresses, such as fire, pests,
disease outbreaks, wind damage, and air pollution. Changes in forest species and productivity could lead to
secondary effects such as increased soil runoff and erosion, reduced aquifer recharge, reduced biodiversity, and
changes in wildlife habitat and recreational opportunities. Species extinctions could increase (and biological
diversity could decline), especially in areas where roads, agriculture, and urban development block or restrict
migration pathways or habitat, and in areas that harbor heat-or drought-sensitive species. Some forested land
could become grassland. As communities and ecosystems are displaced by climate change, it may be necessary
to expand scientific knowledge on the practice of ecosystem restoration, so that Communities can be rebuilt in
degraded sites or relocated to new areas where they have not existed in the past (94) (see also vol. 2, boxes 4-A
and 5-M).

Overall, EPA found that managed systems such as water resources and agriculture are more capable than
natural systems of withstanding climate change. However, problems may still arise as humans attempt to adapt
to the changes to these systems brought about by climate change. Agricultural yields might be reduced, but
productivity could shift northward so that overall production could probably meet domestic needs, with some
possible reductions in exports. Farmers might have to change their practices, such as beginning or increasing
irrigation, which might increase conflicts over water use. If climate change leads to reduced stream flows, water
quality may suffer because less water will be available for diluting or flushing pollutants and dissipating heat;these

1 All three reports were based on the assumption that there would be no major changes in climate variability.
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changes could affect fish and wildlife populations. The effects on agriculture might vary considerably over regions,
with declines, for example, in crop acreage in the Great Plains potentially offset by increased acreage in the Great
Lakes States.

Quality of life may not suffer much in areas where, for example, forests shift from one species to another, and
where the shifts are gradual; however, in areas where forests die out altogether (such as may occur in some parts
of California), people would face severe environmental and land-use effects. Recreation relies on relatively healthy
forests;rapid changes that caused stressed or declining forests would likely reduce recreational opportunities and
demand.

The IPCC Report--The intergovernmental Panel on Climate Change (IPCC) is an international group of
hundreds of scientists from more than 50 countries established in 1988 by the World Meteorological Organization
and the United Nations Environment Program. The IPCC setup three working groups: Working Group i to assess
the scientific basis for how human activities affect the climate; Working Group ii to study the potential impacts of
climate change worldwide; and Working Group llI to formulate possible policy responses. The results were
published in the three-volume Climate Change report in 1990 (The IPCC Scientific Assessment, The IPCC Impacts
Assessment, and The IPCC Response Strategies). The working groups continue to meet, and issue occasional
updates to the 1990 reports.

The scientific assessment predicted that under a "business-as-usual” scenario (characterized by continued
reliance on coal-intensive energy sources and only modest efficiency increases), the global average temperature
would increase at a rate of 0.5'F (0.3%) per decade, with a likely increase of 2 °F (1 °C) over current levels by
2025 and 5.4 °F (3 °C) before the end of the next century. The impact assessment used this business-as-usual
prediction for increasing temperature (with accompanying estimates that equivalent atmospheric CO0,
concentrations *would double by 2025 to 2050 and sea level would rise about 1 foot (0.3 meter) by 2030) to predict
potential impacts on systems including natural terrestrial ecosystems, agriculture, and forestry.

IPCC suggested that climate change could shift climatic zones several hundred miles toward the poles over
the next 50 years, requiring natural terrestrial ecosystems to either migrate or adapt to a new climate regime. The
rate of change will determine the degree of impacts: some species might be able to keep up with change, but some
could become extinct, thus reducing global biodiversity. Ecosystems are unlikely to move as units, but will develop
new structures as species abundance and distribution are altered. Most at risk are systems with limited options
for adaptability (montane, alpine, and polar areas, island and coastal communities, remnant vegetation, heritage
sites or reserves, and areas already under stress). Sealevel rise and ocean warming will affect fisheries, potentially
reducing habitat for several commercially important species. Coastal wetlands maybe inundated by rising seas
and forced to migrate inward, though in many areas, this may not be possible. inland wetland areas may come
under increased pressure for agricultural use. As for managed systems, forests may become more susceptible
to parasites, and losses from fires will increase. It is unclear whether global agricultural productivity would increase
or decrease overall, but many regions are likely to experience shifts or losses in production (for example, a decline
in cereal and horticultural production in the southern United States), which will alter trade patterns. Impacts will
differ considerably from region to region, as will the socioeconomic effects. Water availability will likely increase
in some areas and decrease in others, but regional details are not yet known. There may also be a change in
drought risk, which could seriously affect agriculture at both the regional and global levels.

The NAS Report-The National Academy of Sciences (NAS) convened three different scientific panels to
conduct preliminary analyses of climate change effects, mitigation strategies, and adaptation strategies. Each
panel drafted a report that described their analyses and conclusions. A fourth “synthesis” panel drew on the work
of the other three panels to formulate a policy report, which was published in April 1991.

2 The cumulative warming effect of all greenhouse gases is equivalent to a doubled CO,concentration.

(Continued on next page)
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Box 2-F-Major Assessments of Climate Change Impacts--(Continued)

The NAS panels assumed greenhouse warming in the range of 2 to 9°F (1 to 5°C), but did not give a specific
time frame of reference. Based on this scenario, NAS classified natural resource systems and human activities
into one of three categories: low sensitivity to climate change within the given range; sensitive but  adaptable at
a cost; and sensitive with questionable ability to adjust or adapt. NAS concluded that built systems generally fit
into the first or second categories, and managed crop or timber lands fit into the second.

Water resources are quite sensitive to climate because runoff is the “small difference between the larger
quantities of precipitation and evaporation,” and runoff “fluctuates relatively more” than either precipitation or
evaporation. Changes in runoff will have adverse impacts only when water supply no longer matches water
demand for use and consumption. In the United States, water supply and demand are now closely matched in the
Great Basin, Missouri, and California water regions, so these areas maybe particularly vulnerable to decreases
in precipitation (and conversely, they would reap large benefits should precipitation increase). Activities such as
irrigation are also vulnerable to decreased precipitation because irrigation is most common in areas where
precipitation is already light and evaporation is high. Unless climate changes quickly relative to demographic
changes that affect water demand, however, the NAS report concludes, “the overall impact of climate change is

unlikely to be substantially more serious than that of the vagaries of the current climate” (21).
In contrast, NAS suggested that unmanaged ecosystems--the “natural landscape” and marine ecosystems--
respond relatively slowly to climate change and that their ability to adapt is questionable and “problematic.”

SOURCE: Office of Technologyy Assessment, 1993.
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n October 13, 1992, the United States ratified the United

Nations Framework Convention on Climate Change.

The convention was one of the key accomplishments of

the United Nations Conference on Environment and
Development (UNCED) held in Rio de Janeiro in 1992. Its
declared godl is ‘' stabilization of greenhouse gas concentrations
at alevel that would prevent dangerous anthropogenic interfer-
ence with the climate system, ’ and it calls for parties to return
“individually or jointly to their 1990 levels of these anthropo-
genic emissions of carbon dioxide and other greenhouse gases
not controlled by the Montreal Protocol” (46). Most of the 166
countries that signed the convention have pledged to do so by
2000 (on April 21, 1993, President Clinton made a commitment
to reduce U.S. greenhouse gas emissions to 1990 levels by that
year). The convention also requires all participating countries to
prepare action plans detailing their strategy to mitigate climate
change. The Biodiversity Convention, signed by most develop-
ing and industrialized countries at UNCED, calls for the
development of strategies for global biodiversity conservation,
and Agenda 21, the comprehensive action agenda to promote
sustainable development adopted at UNCED, aso cals for
policies to minimize environmental degradation.

All these concerns about climate change, biodiversity, and
sustainable development reflect a policy agenda that is inextrica-
bly linked to scientific research. “The relationships between
scientific and technological advancement and government sup-
port are complex, and the stakes in these decisions are high, not
just for scientists and engineers, but for society as a whole.
Consequently, a better understanding of the process of articulat-
ing goals, both within and outside science, is vital” (3).
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The Federal Government launched a muilti-
agency research effort in 1989 in response to the
uncertainties and potential risks of climate
change. Its purpose is to observe, understand, and
predict global change (9) When the U.S. Global
Change Research Program (USGCRP) was cre-
ated as a Presidential Initiative in 1989, it did not
have an explicit plan to link research to policy.
Before codifying the program, Congress directed
it to provide information useful to policy makers;
however, Congress did not identify or mandate
any mechanism to ensure this. When the program
was first implemented, key questions of the
scientists and policy makers were: Are humans
significantly changing the climate, and can cli-
mate change be predicted? The program was
intended to replace a crisis-driven, one-problem-
at-a-time approach to environmental problems
with a more systemic, proactive approach that
recognizes that different environmental problems
are linked by the very nature of the Earth system.’
Although the program is scientifically well-
-grounded, it has become overwhelmingly a physi-
cal science program focused on basic Earth
system processes that largely ignores the behav-
ioral, economic, and ecological aspects of envi-
ronmental problems. For example, understanding
the role clouds play in climate change and the role
of the ocean-kind-atmosphere interface is now its
highest priority.

Understanding the size and scope of USGCRP
can be difficult, and the coordination challenges
of such alarge interagency program are formida-
ble. Agency personnel committed to the program
have made a commendable effort to ensure that
the program functions smoothly. However,
USGCRP is not a managed entity with one
budget, nor does it have an authoritative body
making decisions on projects. It is, rather, a

loosely coordinated collection of several pro-
grams and budgets. Even this level of coordina
tion is undermined at the legislative level, where
the program, collected into a compilation of
budgets by the Federal Coordinating Council for
Science, Engineering, and Technology
(FCCSET), is splintered into severa parts and
never considered as a whole during the authoriza-
tion, appropriation, and oversight processes.

The primary questions of policy makers have
changed since 1989 in the wake of the world
climate treaty and the publication of several key
reports: the Intergovernmental Panel on Climate
Change (IPCC) reports, the Environmental Pro-
tection Agency (EPA) reports on the potential
effects of climate change and policy options, and
the Committee on Science, Engineering and
Public Policy (COSEPUP) report.’It is now
generally accepted that unequivocal detection of
the greenhouse effect requires another decade of
measurements, and that rates of climate change
and regional details about climate changes will
not be available for at least that long (see ch. 2).
Thus, questions being asked today have moved
beyond the basic science issues of “observing,
understanding and predicting’ climate change to
a second set of concerns: What can be done to
mitigate or adapt to climate change? What are the
climate effects of most concern? How can we
manage natural and human systems wisely given
an uncertain climate? Consequently, USGCRF' S
mission statement and priorities are now too
narrow to address questions such as how to
minimum negative impacts of climate change.

The congressional committees requesting this
study recognized that decisionmaking must con-
tinue in the face of uncertainty. They expressed
the following concerns to the Office of Technol-
ogy Assessment (OTA):

I'The Earth system is the sum of all interactions among living organisms and their biotic and abiotic environments.

‘IPCC’s Kcientific Assessment (28), | mpacts Assessment (26), Response Strategies (27), and Supplementary Report to the IPCC Scientific
Assessment (29); EPA’s Policy Options for Stabilizing Global Climate (52) and The Potential Effects Of Global Climate Change on the United
Sates (51); and COSEPUP’s Panel on Policy Implications of Greenhouse Warming, National Academy of Sciences, National Academy of
Engineering, and Institute of Medicine, Policy Implications of Greenhouse Warming: Mitigation, Adaptation, and the Science Base (10).
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« “We think it is prudent to begin--today—
investigating how our research and devel op-
ment programs should incorporate concerns
about climatic uncertainty. ”°

« ‘Do current U.S. R&D Programs focus on
the right questions to provide information
about effects on different systems, potential
strategies for making systems more resilient
in the face of climate change and adapting to
such changes that may occur?

s “What information can more research pro-
vide over various time frames to guide
decisions about reducing greenhouse gas
emissions, ameliorating effects of global
climate change, and building resiliency into
systems?’

Conducting research to answer some of these
guestions has been a low priority. Although the
results of the program, as currently structured,
will provide valuable information for predicting
climate change, they will not necessarily contrib-
ute to the information needed by public and
private decisionmakers to respond to global
change. Three areas are particularly lacking:
ecosystem-scale research, adaptation research
(ecological, human, and economic), and inte-
grated assessments (evaluation of all focused
and contributing research results and their impli-
cation for public policy). Research can begin now
on topics more closely related to policy decisions
despite incomplete answers from the physical
sciences. More research is needed on the impacts
of climate change on natural and managed eco-
systems and the resulting implications for land
and water resource management, on how people
adapt, and on why people resist change. Key
projects for a USGCRP committed to policy-
relevant research should aso include gathering
information about the relative importance of
population size and expectations of quality-of-life

improvements, the demand for goods and services
(including clean water, agriculture and forestry
products, and access to natural areas), and eco-
nomic and institutional barrriers to the dissemina-
tion and adoption of technological innovation.
Some of the research in these areas will take
decades and, if started now, may leave us much
better prepared to respond to global change in the
future.

Implicit in the current structure of USGCRP is
that the initiation of a comprehensive adaptation
research program must wait until predictions of
climate change are reliable. However, there are
several important reasons not to wait to initiate
adaptation research. First, according to IPCC
estimates, few reliable predictions of climate
change on a regional scale will be available before
the next 15 to 20 years. Although such regional
information might help focus research on man-
aged and natural systems in areas expected to
experience the most change, research on ecosys-
tems is a multidecade task (see val. 2, chs. 4-6)
and should begin now. Second, even though the
effects of climate change on a regiona level
cannot currently be modeled accurately, general
effects can be predicted, such as sea level rise.
Adaptation research that addresses sea level rise
and other effects of climate change need not wait
for reliable predictions. Third, much adaptation
research makes sense regardless of climate
change. For example, restoration of wetlands
addresses adaptation to climate change, but it also
addresses the current depletion of wetlands due to
other causes. Adaptation research can use histori-
cal records of societal, economic, and environ-
mental impacts of environmental change com-
bined with reasonable hypothetical scenarios for
future environmental change (31).

Because policy makers and scientists have
different educational and professional backgrounds,
scientific research findings need to be translated

* House Committee on Science, Space, and Technology, letter to OTA, Sept. 27, 1991.
* Senate Committee on Environment and Public Works, letter to OTA, Oct. 4, 1991,
3 Senate Committee on Commerce, Science, and Transportation, |etter to OTA, Oct. 8, 1991,
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into terms relevant to policy making and deci-
sionmaking. Regardless of the “completeness’
of climate research, policy makers are making
decisions now that affect global change and
whether the Nation will mitigate and/or adapt to
it. They also decide where to alocate scarce
resources for research.

A recent National Research Council report,
Research to Protect, Restore, and Manage the
Environment (37), stated: “No matter how good
the science, environmental problems cannot be
solved without integrating the science with envi-
ronmental policy. To accomplish that, integrative
study is needed to bridge the multidisciplinary
gaps and deal with the conflicting goals held by
varied constituencies. Research is necessary but
not sufficient to solve problems. ' One way to
improve the relevance of research results for
policy makers is through the use of integrated
assessments. Integrated assessments are a mecha-
nism for synthesizing all the research relevant to
an identified problem and for presenting research
results in policy-relevant language. Such assess-
ments, if conducted by multidisciplinary teams on
aregular basis, could help bring together and
evaluate research results produced by USGCRP,
which is now composed largely of isolated
programs and projects.

Although assessments were not included in the
original USGCRP program, they are included in
a rudimentary form in the FY 1994 budget (8).
However, there has been no fundamental change
in the mission of USGCRP, which remains
predominately focused on understanding climate
change. As aresult, different people draw differ-
ent conclusions about what changes in research
focus to expect from USGCRP. In addition, the
quaity of assessments is determined solely by the
information fed into them and the backgrounds of
those constructing the assessment framework. If
ecological, economic, and sociological research
continues to be neglected, the planned assess-
ments will not be useful to policy makers (24).
John Gibbons, assistant to the President for
science and technology, testified recently that

USGCRP needs to expand the scope of its
research to include the impacts of climate change
on natural and human environments and strate-
gies for mitigating and adapting to climate
change. He aso recognized the need to improve
the integration of research with policy making
(20).

This chapter will examine the broad issues
surrounding the Federal research effort to under-
stand climate change-particularly within the
context of the natural and managed systems
discussed in chapters 4 through 6 of volumes 1
and 2. The options presented here, if imple-
mented, could help commit the Federal Govern-
ment to addressing areas of imbalance in
USGCRP, the need for adaptation research, and
the issues surrounding a national research pro-
gram with an explicit science-policy interface.
These program changes could benefit policy
makers and decisionmakers by ensuring that
USGCRP and other federally funded global
change research supply the integrated informa-
tion they need to make choices in the face of
uncertainty about global change and its impacts.

THE U.S. GLOBAL CHANGE
RESEARCH PROGRAM

B Inception and Structure

Recognition that human activity could signifi-
cantly ater the global environment grew during
the 1970s and 1980s. Concerns focused particu-
larly on the threat of climate change from
increased emissions of greenhouse gases and the
depletion of the ozone layer by chlorofluorocar-
bons (CFCS). In response to the potential risks of
climate change and the uncertainties surrounding
the science, the Federa Government launched a
massive, multiagency research effort in 1989 “to
observe, understand, and, ultimately, predict global
changes and to determine the mechanisms influ-
encing these changes’ (9). In 1989, USGCRP
was developed by the Committee on Earth
Sciences (now the Committee on Earth and
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Figure 3-1 A-Organizational Chart for the Federal Coordinating Council for
Science, Engineering, and Technology (FCCSET)
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Environmental Sciences, CEES), an interagency
group under FCCSET in the President’ s Office of
Science and Technology Policy (OSTP) (seefig.
3-1). USGCRP became the first Presidential
Initiative’indicating that it was to be a high-
priority program with strong administrative back-
ing. In 1990, Congress passed the U.S. Global
Change Research Act (P.L. 101-606), which

(Continued)

codified USGCRP. In 1992, USGCRP became a
National Research Program.’Between FY 1989
and FY 1993, the Government spent $3.7 billion
on this effort. A new administration that asserts its
commitment to taking action on climate change
issues and a Congress with a large number of new
members coincide with this 5-year benchmark
and could change the direction and scope of the

6 Presidential Initiatives are programs of particular importance to the national interest. Aside from USGCRP, four other Presidential
Initiatives exist: high-performance computing and communication, advanced materials and processing, biotechnology research, and
mathematics and science education. The Administration uses FCCSET to coordinate interagency research in these areas.

7RCCSET developed this category for continuing Presidential Initiatives that have reached maturity.
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Figure 3-1 B-Organizational Chart for the Committee on Earth and Environmental Sciences (CEES)
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program for FY 1994. There is no official
termination date for the program; however, pro-
gram plans indicate that it will last at least 40
years (11).

Three “activity streams,” or program ele-
ments, defined the USGCRP mission between its
inception and FY 1994.

s Documentation and analysis of Earth sys-
tem changes, which include observation—
using both ground- and space-based obser-
vation systems—and data management;

s Process Research to enhance the under-
standing of the physical, geological, chemic-
al, biological, and social processes that
influence Earth system behavior; and

s Integrated Modeling and Prediction of
Earth system processes.

Each of these priorities is represented by a
working group under the Subcommittee on Global
Change Research under CEES. The chair of the
subcommittee along with the chair of each of the
working groups make up the principal body
responsible for the planning, development, coor-
dination, and review of USGCRP (7). In FY 1994,
a new activity stream, Assessment, was added.

USGCRP was originally envisioned as a com-
plete global change research program, covering
research on natural climate change, human-
induced climate change, impacts of climate and
land-use change on the Earth system, and impacts
of human activity on ecosystem health. The
program has evolved in parallel with the Intergov-
ernmental Panel on Climate Change (IPCC) and
has drawn heavily from the panel’s work.’
Consequently, the main focus of global change
research under USGCRP has become climate
change. Important global changes other than

human-induced climate change, such as loss of
biodiversity, changes in land use, and increases in
industrial pollution, were determined to be be-
yond the scope of USGCRP and are addressed
only to the extent that they interact with the
climate system. This is reflected in the research
priorities of the program’s science elements.

To guide research, CEES identified and priori-
tized seven scientific research elements, or sci-
ence elements.’In order of priority, the science
elements are Climate and Hydrologic Systems,
Biogeochemical Dynamics, Ecological Systems
and Dynamics, Earth System History, Human
Interactions, Solid Earth Processes, and Solar
Influences (7). More-specific areas of research
are prioritized under each of these seven research
elements (see fig. 3-2). Severa criteria, athough
not applied systematically, are used to evaluate
projects under each research element, including:
relevance and contribution to the overall goal of
the program, scientific merit, ease or readiness of
implementation, links to other agencies and
international partners, cost, and agency approval.

I New Developments

In 1992, CEES began developing a manage-
ment plan for the program that would include the
addition of Assessment as a fourth activity stream
aong with Documentation, Process Research,
and Integrated Modeling and Prediction (see fig.
3-3). The primary function of the Assessment
working group is to ‘. . document the state of
scientific knowledge and address the implications
of the science of global change for national and
international policy-making activities over abroad
spectrum of global and regional environmental
issues’ (8). The group will aso help coordinate
the scientific assessments of global change with

‘IPCC is an intergovernmental body sponsored jointly by the World Meteorological Organization and the United Nation's Environmental
Programme. The group was set up in 1988 to assess the scientific undemanding of natural and human-induced climate change, its impacts,
and potential response strategies. IPCC is scheduled to produce another full assessment in 1995,

*CEES (formerly CES) works closely with and has drawn heavily on the ongoing activities of the National Academy of Sciences (NAS),
the World Climate Research Program (WCRP) of the World Meteorological Organization, the International Council of Scientific Unions
(ICSU), the International Geosphere-Biosphere Program (IGBP), and IPCC in designing the structure of USGCRP and in identifying the

program’ s key scientific issues and research priorities.
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related assessments on environmental impacts,
technologies for adaptation and mitigation, risk
assessment, and policy-response strategies (12).
Although the FY 1994 budget proposal reflects
these changes, it is unclear how much money
agencies will alocate for assessment and how the
assessments will be structured. The FY 1994
budget does not show Assessment separately but,
rather, embeds it within the other three activity
streams. Comprehensive assessments cannot be
carried out without expanding the ecological and
socioeconomic aspects of the program and incor-
porating impacts research into it. The FY 1994
budget does not reflect any significant expansion
in these areas.

Nonetheless, the Administration has expressed
interest in significantly broadening the program
to include studies of environmental and socioeco-
nomic impacts and of mitigation and adaptation
strategies. “The development of a successful
assessment activity in the USGCRP will, | be-
lieve, go far toward demonstrating the Clinton-
Gore administration’s commitment not only to
research but to effective action to manage this
Nation’s national and international environmental
policy’ (19). If this research materiaizes, it could
then be integrated with research on Earth system
processes to conduct integrated assessments. The
expanded program should be reflected in the
FY 1995 USGCRP budget.

To ensure progress in each of the activity
streams, timetables and milestones have been
included in each agency’s USGCRP research
program, although they have not appeared in any
published document. These milestones, specified
for both the near term (5 to 10 years) and the long
term (10 to 30 years), “will guide program and
budget development and serve as a critical
element in evaluating program accomplishments
and progress' (11). The Office of Management
and Budget (OMB) could hold research programs
to these targets only if the milestones are clearly
stated and easily measured and, therefore, en-
forceable. Representative George Brown, chair-
man of the Committee on Science, Space, and

Figure 3-3-Functional Architecture of USGCRP
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SOURCE: Committee on Earth and Environmental sciences (CEES),
Our Changing Planet: The FY 1993 U.S Global Change Research
Program (Washington, DC: CEES, 1992).

Technology, has suggested building performance
guidelines into authorizing legislation as well as
mandates that would redirect or terminate pro-
grams that do not make sufficient progress toward
stated goals (2).

1 The Interface Between Policy and Science

Research programs intended to be relevant to
management and policy making often fail be-
cause of fundamental tensions among research-
ers, resource managers, and decisionmakers. These
tensions are created because of conflicts in the
time horizons of each group, differences between
priority- or goal-setting processes, and differ-
ences in the agendas of extramura research
organizations (e.g., universities, industries, and
independent |aboratories), mission-oriented agen-
cies, and Congress.

The timetable for governmental decisions is
driven primarily by the annual budget cycle and
an election cycle that ranges between 2 and 6
years. Not surprisingly, policy makers funding
global change research often have a shorter time
horizon for “answers’ than do researchers. This
disparity leads to tension between Government
officials, who are required to formulate annual
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budgets and make immediate decisions, and the
scientific community, whose long-term research
is dependent on continuous and reliable funding.
When the questions of policy makers are not
answered in one or even a few years, it may
become more difficult to sell a program as
relevant to policy needs. Mission-oriented agen-
cies are repeatedly deflected by the ‘crisis-of-the-
month’ syndrome, which siphons resources away
from long-term programs (37). The result may be
annual budget fluctuations and/or rapidly shifting
priorities-both of which are detrimental to the
development of a sound scientific program. A
balance between continuity in priorities and
funding and flexibility in project direction is
essential (3).

Tension arises between extramural research
organizations and the Federal Government be-
cause of different research agendas. Universities
and independent laboratories judge their scien-
tists to a large extent on their ability to raise funds
for research. Adherence to management- and
policy-relevant goals is not seen as important
unless it leads to more Federal funding.

Many scientists believe that the science must
be “complete” before policy conclusions can be
made safely. Policy makers, on the other hand,
cannot afford the luxury of complete information.
Decisions about reauthorizing environmental leg-
islation and natural resource planning and mana-
gement will continue to be made based on the
best available information. “[I]f policy is to be
effectual, then we must make policy while we
continue to investigate the physical and societa
effects of global warming. But this means that
policy will aso enter the feedback loop, influenc-
ing societal responses and physical effects’ (30).
Science need not proceed in a sequential fashion.
Research on the climate system need not be
“complete” before research on the ecological
effects of climate change is undertaken nor does
research on the ecological effects of climate
change need to be *‘ complete’ before research on
the societal impacts of and potential responses to
climate changeis initiated (45). If USGCRP isto

address policy-relevant questions, a paralel ap-
proach to climate effects and response research is
necessary.

In anarrow sense, USGCRP is policy-relevant
if the most important policy concern isto gain a
better understanding of Earth system processes in
order to predict climate change. However, the
major international assessments conducted by
IPCC demonstrate that the key questions policy
makers need to address move far beyond the
narrow definition of ‘‘observe, document, and
predict” global change, into the realm of issues
related to adaptation and mitigation. As a result of
focusing research funds on climate prediction,
USGCRP is not addressing other key science
issues or broad policy questions for the near term.
For example, what plants andahimals are sensi-
tive to climate changes? How might biota and
vegetation respond to changes in climate? What
are the implications for forestry, agriculture, and
natural areas? What mitigation strategies would
slow climate change the most? How much would
they cost? To whom? How might society respond
to changes in climate and globa ecosystems?
What technologies should be developed? How
will the effects of climate change interact with
other global environmental changes? How impor-
tant is climate change in the scheme of long-term
environmental threats? How can natural resources
be managed to minimize economic and ecological
loss? These issues were largely excluded from
USGCRP to keep it primarily driven by the earth
sciences. Even if accurate regional climate pre-
dictions could be given today, land managers,
planners, decisionmakers, and policy makers
would not have al the information they need to
guide their response (33). As originaly envi-
sioned in 1990, these issues were to be addressed
under the CEES Working Group on Mitigation
and Adaptation Research Strategies (MARS),
which was abolished in 1992.

If USGCRP begins to address this broader set
of questions, it will be moving closer to policy-
relevant research. Some fear that a program
driven by policy concerns will undermine or
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Table 3-I—List of Departments and Agencies or Bureaus Involved in USGCRP Research

DOC Department of Commerce
NOAA National Oceanic and Atmospheric

Administration

DOD Department of Defense
CRREL Cold Regions Research and Engineering
Laboratory

ONR Office of Naval Research

Department of Energy
OHER Office of Health and Environmental
Research

DOE

DOl Department of Interior
BIA Bureau of Indian Affairs

BLM Bureau of Land Management
BOM Bureau of Mines

BOR Bureau of Reclamation

FWS Fish and Wildlife Service
NPS National Park Service

Os Office of the Secretary
USGS U.S. Geological Survey

Environmental Protection Agency
ORD Office of Research and Development
HHS Department of Health and Human Services

NIEHS National Institute of Environmental Health
Services

EPA

NASA National Aeronautics and Space Administration
OSSA Office of Space Science and Applications
NSF National Science Foundation
BIO Directorate for Biological Sciences

GEO Directorate for Geosciences
SBE Directorate for Social, Behavioral, and
Economic Sciences
Sl Smithsonian Institution
IC International Center

NASM National Air and Space Museum

NMNH National Museum of Natural History

NzZP National Zoological Park

SAO Smithsonian Astrophysical Observatory

SERC Smithsonian Environmental Research
Center

STRI Smithsonian Tropical Research Institute

TVA Tennessee Valley Authority
RBO River Basin Operations

USDA Department of Agriculture
ARS Agricultural Research Service
CSRS Cooperative State Research Service
ERS Economic Research Service
FS Forest Service
Scs Soil Conservation Service

SOURCE: Committee on Earth and Environmental Sciences (CEES), Our Changing Planet: The FY 1993 U.S. Global

Change Research Program (Washington, DC: CEES, 1992).

change the direction of science. Others maintain
that the second set of policy-relatd questions can
be addressed adeguately by research driven by the
earth sciences. Maintaining the long-term pol-
icy relevance of scientific research under
USGCRP will require a forma and iterative
assessment link that simultaneously transfers
scientific research results in policy-relevant
language to decisionmakers and policy con-
cerns to the research community.

PRIORITIES AND BALANCE IN USGCRP

§ Budget

CEES designed USGCRP as a cohesive, inte-
grated research program that would encompass
the unique attributes of 11 Federal agencies,
including 31 bureaus, but it did not assign a
central management body (see table 3-1). The

priority scheme set up by the three activity
streams and the seven science elements is in-
tended to guide budget decisions, and, to date,
finding levels have followed these priority areas.

Since the program formally began in FY 1990,
the USGCRP budget has grown from $660 mill-
ion in its first year to $1.33 billion in FY 1993 (7,
9). The proposed budget for FY 1994 is $1.47 bil-
lion (8). The budget can be analyzed in terms of
distribution across agencies, activity streams, and
science elements (see figs. 3-4, 3-5, and 3-6). In
FY 1993, projects funded by the National Aero-
nautics and Space Administration (NASA) com-
prised 69 percent of the program’s budget ($921
million) while projects funded by the Department
of the Interior (DOI), which contains most of the
land-management agencies, comprised 3 percent
of the program’s budget ($38 million). For FY
1994, the requested budget for DOI’'s global
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Figure 3-4—U.S. Global Change Research Program Budget by Agency
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Change Research Program (Washington, DC: CEES, 1993).

change research program decreased to 2.3 percent
of the total.

Of the activity streams, Documentation, in-
cluding observation and data management, re-
ceived 45 percent of the budget ($595 million) in
FY 1993. Earth Process Research for under-
standing climate change received 46 percent of
the budget ($610 million), and Integrated Model-
ing and Prediction received 9 percent of the
budget ($121 million).”

Although USGCRP programs include projects
on amost every aspect of climate change, the
bulk of the funds is focused on answering
scientific questions related to understanding the
physics and chemistry underlying climate sys-
tems. Research on Climate and Hydrologic Sys-

tems and Biogeochemical Dynamics constituted
about 71 percent of the program’s FY 1993
budget ($937 million). Ecological Systems and
Dynamics received 17 percent of the budget
($224 million). The remaining 12 percent of the
budget ($165 million) was divided among the
remaining four research elements. Earth System
History, Human Interactions, Solid Earth Proc-
esses, and Solar Influences (8).

Projects are categorized as focused--directly
relating to global change--or contributing—
justified on a basis other than global change but
having the potential to contribute to the global
change knowledge base (see fig. 3-7)." Even
when both focused and contributing research are
considered, 70 percent of all fundsis targeted for

10 Most Of the funds for modeling and prediction go toward nonmodeling process research. The major modeling groups have received only

a small portion of these funds.

11 Unless specifically no@ budget figures refer to the focused budget.
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Figure 3-5—USGCRP Focused Budget
by Activity Stream
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SOURCE: Committee on Earth and Environmental Sciences (CEES),
Our Changing Planet: The FY 1994 U.S. Global Change Research
Program (Washington, DC: CEES, 1993).

projects in the first two priority research areas.
There are no standardized criteria for classifying
contributing research, and each agency uses its
own system. Consequently, it is difficult to know
precisely the extent of contributing research or to
get a comprehensive picture of relevant research.
Both focused and contributing programs are
considered in a procedure caled the ‘‘budget
crosscut. ” USGCRP is one of only afew Federal
programs that uses a budget crosscut as a coordi-
nating mechanism. This approach has been rea
sonably successful in facilitating cooperation and
securing new funding for globa change research.
The USGCRP budget-crosscut process works as
follows.

Each program within an agency submits new
projects to the appropriate subworking group of

CEES. This subworking group determines whether
to recommend to the agency that the project be
included in USGCRP (projects can be added | ater
in the budget process, but this is the most likely
step at which new projects are added).

Each agency that participatesin USGCRP then
develops its own GCRP budget, with some
coordination between agencies for joint projects.
These budgets are then submitted to CEES, which
may continue to negotiate with the agencies.
CEES submits one budget proposa incorporating
programs from al participating agencies to the
Office of Management and Budget (OMB). When
the proposal reaches OMB, it is initially reviewed
at one meeting by al of the budget examiners for
the various agencies involved in USGCRP. Al-
though one examiner takes the lead for USGCRP,
the participation of the other examinersis critical
because each must understand the purpose of the
USGCRP projects that fall within his or her
agency’s budget. The USGCRP budget is re-
turned to each agency when that agency’s whole
budget is returned. At that point, deliberations
between OMB and the agencies proceed as
normal. As agencies work to meet OMB-
established budget targets, they look at modifying
al projectsthey can accept or reject OMB’'S
recommendations and reprogram their global
change budgets.” The final USGCRP budget is
presented to Congress along with the annual
Presidential Budget Request. When the pro-
gram first started, approximately 70 percent of the
proposed budget consisted of research funds from
aready existing projects.

The USGCRP budget falls within the jurisdic-
tion of several congressional authorization and
appropriations committees and subcommittees
(see table 3-2). With al of these committees
reviewing components of the USGCRP budget, it

12 Dyring the first few years of the program, USGCRP required agencies to *‘fence off,” or commit, their global change research budget
requests to the program. They could not reprogram this money later if OMB cut overall agency funding further down the line.

13 The first two budget requests were long, detailed d ocuments accompanied by executive summaries, but since FY 1992, only the summaries
have been published. USGCRP staff determined that the information in the detailed budgets changes slowly and, therefore, needs to be

published only every 5 years.
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Figure 3-6—USGCRP Budget by Science Element
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is much more difficult for Congress to consider
the USGCRP budget as awhole than it is for the
executive branch to do so. Severa members of
Congress have complained about the fragmentat-
ion of congressional attention to the USGCRP
budget, but no alternatives have been proposed. It
might be useful for Congress to consider using an
ad hoc appropriations subcommittee consisting of
members from the committees with primary
jurisdiction over elements of USGCRP to review
the program’ s budget as a comprehensive unit. If
two or three agencies are cooperating on asingle
project, but one agency does not receive funding

for it, the entire project could beat risk.”Large,
interagency programs such as USGCRP will
require innovative methods of funding if they are
to succeed.

B Satellite vs. Nonsatellite Measurements
NASA’s Mission to Planet Earth (MTPE)
program accounts for over 60 percent of
USGCRP focused funding (crossing severa of
the priority research areas). The core of the MTPE
program is the development and maintenance of
the Earth Observing System (EOS), an ambitious
satellite program originally designed to provide

14 Ror example, atOTA’s workshop “EOS and USGCRP: Are We Asking and Answering the Right Questions?’’ (Feb. 25-26, 1993),
participants cited program such as the World Ocean Circulation Experiment (WOCE), Tropical Oceans Global Atmosphere (TOGA), and the
Joint Global Ocean Flux Study (JGOFS)(50). All three are interagency research programs where the success of the entire program depends on
contributions from NASA, the National Oceanic and Atmospheric Administratiion, and the National Science Foundation. However, in a recent
budget cycle, NASA received more than it asked for these programs while NOAA and NSF received no money. Rather than kt the programs
die, NASA filled the financial gap left by inadequate funding for NOAA and NSF.
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Figure 3-7—FY 1993 USGCRP Budget of Focused and
Contributing Programs by Agency
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data over a 15-year period related to the study of
precipitation; ocean circulation; sources and sinks
of greenhouse gases; changes in land use, land
cover, hydrology, and ecology; changes in gla-
ciers and ice sheets; ozone; and volcanic activity.
Because of EOS'S central role in NASA’s
USGCRP effort and the great expense of putting
satellites in space, the USGCRP budget as a
whole is heavily weighted toward satellite-based
measurements.

EOS has suffered extensive restructuring over
the past few years, which may jeopardize the
quality of information gained from remaining
EOS instruments. Some instruments that were
supposed to have improved the understanding and
observation of possible climate change impacts

30VdS OHLSY VLLIIUYN NLLUYN

Artist’s conception of NASA's Earth Observing System
(EQS). EOS (AM-1 Platform) is scheduled to be
launched in 1998.

15 Although about 50 percent of NASA’s USGCRP budget is classified as nonsatellite programs, most of these support data maintenance

and operation of the satellite programs.
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Table 3-2--Congressional Authorization Committees and Appropriations Subcommittees
with Significant Legislative Authority over Agencies with a USGCRP Component

House and Senate Authorization Committees

House
Agriculture
Armed Services
Energy and Commerce
Natural Resources
Sciences, Space, and Technology
Public Works and Transportation
Merchant Marine and Fisheries

Senate
Agriculture, Nutrition, and Forestry
Armed Services
Commerce, Science, and Transportation
Energy and Natural Resources
Labor and Human Resources
Environmental and Public Works
Rules and Administration

House and Senate Appropriations Subcommittees
Labor, Health and Human Services, and Education
Housing and Urban Development and independent
Agencies
Energy and Water Development
Interior and Related Agencies
Agriculture and Rural Development®
Commerce, Justice, State, and Judiciary
Defense

Jurisdiction ®

USDA

DOD, DOE

DOE, HHS

DOE, USDAJFS, SI

NASA, NSF, DOE, EPA, NOAA, SI
NOAA, SI

USDA, NOAA, SI

USDA

DOD, DOE

NSF, NASA, NOAA
DOE, DOI

DOE, DOI, HHS
EPA, SI

Sl

HHS
NASA, NSF, EPA

DOE

DOE, USDA, DOI, SI
USDA

NOAA

DOD

® For definition of terms, see table 3-1.

*The corresponding subcommittees of the Senate and House Committees on Appropriations have the same name with
one exception: the Senate Subcommittee on Agriculture, Rural Development, and Related Agencies and the House
Subcommittee on Rural Development, Agriculture, and Related Agencies,

SOURCES: U.S. Congress, Office of Technology Assessment (OTA), Federally Funded Research; Decisions for a
Decade, OTA-SET-490 (Washington, DC: Government Printing Office, May 1991); Office of Technology Assessment,

1993,

have been dropped or postponed. For example,
the High Resolution Imaging Spectrometer (HIRIS),
an instrument potentially capable of resolving
some of the more subtle aspects of ecological
change that cannot be detected by satellites today,
was originally scheduled to be part of EOS, but
was dropped during program restructuring (54).
EOS began as a $30 billion program, but was
scaled back to an $8 billion program (see box
3-A)."

Most participants at OTA’s workshop “EOS
and GCRP: Are We Asking and Answering the
Right Questions?’ agreed that had EOS been
designed initially to be an $8 billion program, it
likely would be different from the program we
have today. All acknowledged that much good
data will be collected and good science will be
done through EQS, but that it will provide neither
the continuous, multidecade data set necessary
for ecosystem studies nor a true globa monitoring

16 For more discussion of EOS, see references 49 and 50.



Chapter 3--Global Change Research in the Federal Government] 125

Box 3-A-Remote Sensing as a Tool for Coping with Climate Change

Remote sensing is the observation of the Earth from a distance. The ability to view and monitor large areas
of the Earth has become valuable in understanding regional and global-scale phenomena such as weather
systems, deforestation rates, and, most recently, climate change. Remote sensing can help reduce the
uncertainties associated with climate change in two ways: 1) by improving climate predictions through better
understanding of atmospheric and climate processes and 2) by improving scientists’ ability to detect and predict
the effects of climate change on the biosphere. Both uses of remote sensing would be important for coping with
climate change. However, most biosphere-related climate research to date has focused on the former, whereas
relatively little has focused on the latter. This box examines the uses and limitations of remote-sensing
technologies for observing, detecting, and understanding changes in the biosphere resulting from climate change,
land-use change, or other factors.

Development of remote-sensing technology

Airborne sensors-The oldest form of remote sensing-invented about 100 years ago--consists of
photographs taken from balloons. The development of the airplane made aerial photography the primary way to
monitor and study the Earth’s surface from a distance. Scientists also discovered t hat images created from other
parts of the electromagnetic spectrum (i.e., the infra red region) could provide additional information about surface
characteristics, such as mineral composition, soil moisture, and crop condition.

The U.S. Forest Service has been using aerial photography since the 1930s to measure the area of forests,
monitor forest health, and plan timber harvests. Aerial photography is also an important tool in the U.S. Fish and
Wildlife Service’s National Wetland Inventory Program The technique is best suited for observing relatively small
areas and for studies requiring a high level of spatial detail. Riparian wetlands and wetlands less than 5 acres
(2 hectares)'in area, for example, cannot be accurately characterized by satellite-based observations (18).
Therefore, aerial photography is an essential tool for comprehensive wetland monitoring.

However, using aerial photography to get consistent coverage overlarge areas for regional analysis is very
difficult and costly. The aerial photography technology used frequently by the National Aeronautics and Space
Administration (NASA) for ecological studies can cost about $10,000 per flight. Difficulties also lie in determining
exactly where the plane is in space so that the area being photographed can be precisely identified. Also, taking
photographs at different times from exactly the same vantage point is difficult. Although aerial photography may
be preferable for ecological applications requiring high levels of detail (e.g., wetland inventory and forest
monitoring), it is not practical for routine, regular measurements or for studies of large-scale ecological
phenomena.

Remote sensing from satellites--By the late 1960s, advances in technology made transmitting electronic
images to Earth from satellite-based instruments practical. Polar-orbiting satellites (orbits pass over both the North
and South Poles) allow imaging of the entire globe. These Earth observation satellites are equipped with various
sensors that detect natural radiance (electromagnetic waves emitted by surface features) and reflectance (those
reflected from Earth's surface).’The intensity and wavelength of the signal detected become a type of signature
for certain surface features. By combining these signals, various vegetation types and other characteristics can
be identified.

1 Toconvert acres to hectares, multiply by 0.405.

2 Sunlight is absorbed by Earth’s atmosphere, scattered and reflected off Earth’s surface, or absorbed by its
surface. Surface features that absorb some waves can re-emit electromagnetic signals-often at longer
wavelengths. In general, reflected (or scattered) signals give information about the structure of the surface features,
and radiated signals give information about Its chemical composition.

(Continued on next page)
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Box 3-A-Remote Sensing as a Tool for Coping with Climate Change--(Continued)

Satellites include several instruments that monitor Earth with "passive sensors” designed to detect a narrow
range, or window, of various parts of the electromagnetic spectrum. These windows are called spectral bands. By
detecting different parts of the spectrum, a variety of signatures is obtained. Being able to detect narrower bands
improves the ability to categorize detected signatures by wavelength. More narrow bands over a wider range of
the spectrum enables detection of more signatures, which improves the ability to discern closely spaced objects
and identify surface features. Identification of a wetland, for example, generally requires analysis of three or more
infrared spectral bands (18): one discriminates amounts of vegetation, water, and soil moisture; another helps
determine water quality; and another helps to classify different vegetation types. However, detailed geographic
and spectral resolution is more expensive, requires higherdata-collection rates, and limits spatial coverage (49).
Passive optical sensors detect only surface features. They cannot be used for Earth observation through clouds,
accurate measurement of soil moisture through dense vegetation cover, or detection of submerged vegetation.
Radar instruments have “active” sensors that provide their own illumination via microwave pulses and then
measure the reflected energy. Unlike optical sensors, radar data can be acquired through clouds and at night.
Radar signals are especially sensitive to water and may improve the way soil and vegetation moisture are
measured (53, 54). In addition, radar can probe to greater depths and may provide better information about surface
roughness, canopy height, and, perhaps, vegetation beneath a dense canopy than can optical sensors (53,54).

Several countries besides the United States, including France, Japan, India and Russia, have launched
satellites for environmental studies and Earth observation. Discussed below are satellites whose data are most
widely used by US. scientists for detecting change in the biosphere and for large-scale ecosystem studies.

Advanced Very High Resolution Radiometer (AVHRR)--This scanning radiometer, aboard NOAA's Polar
Orbiting Environmental Satellite (POES), uses five detectors to create surface images in five spectral bands (49).
AVHRR data allow multispectral analysis of vegetation, clouds, lakes, coasts, snow, and ice and have been used
to monitor crop conditions, classifyglobal vegetation, and demonstrate the scale of deforestation inthe tropics (44)
AVHRR provides daily coverage of the Earth, allowing frequent monitoring of a large region and the creation of
virtually cloud-free images at a fraction of the cost and computing time required for aerial photography or other
satellite technologies (43).’Although AVHRR data have much lower spatial resolution than do data from aerial
photography--about 0.7 miles (1.1 kilometers)*per pixel, or data point--O.6-mile to 16-mile resolutions are
adequate for “assessing many global or regional trends inland cover, vegetation damage, deforestation, and other
environmental conditions” (44).

Landsat--In 1972, NASA launched the first of a series of Landsat satellites for civilian Earth observation and
monitoring. Now, a 20-year continuous data set has been acquired for some selected areas (primarily in the United
States and the former Soviet Union), making Landsat data the primary source of data for detecting long-term
ecological trends. This long-term record is just now beginning to provide valuable information about trends and
changes In wetland area, vegetation types, forest growth, deforestation rates, and urban expansion.

Consistency in measurement is very important for maintaining accurate and useful long-term records.
Landsat missions have been designed so that data from different missions can be compared while allowing
moderate advances In technology. Sustaining Landsat missions and maintaining a continuous data set over 20
years has not been easy. Over this time, operation of Landsat has changed from public to private and back to public

3 The EROS Data Center makes global data Sets that are almost aloud-free by imaging over approximately

10 days.
4 Toconnvert miles to kilometers, multiply by 1.609.
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hands.’ These changes have threatened to limit the availability of data to users, have increased the costs of data
to users, and have limited the number of scenes imaged. Landsats 4 and 5 have already surpassed their expected
life spans by several years. The recently launched Landsat 6 (October 1993) never reached orbit, and the
long-term Landsat record is now threatened.

The main advantage of Landsat and similar satellites is that they can distinguish surface features with higher
spatial and spectral resolution and broader spectral coverage than do AVHRR data.’Landsat data have been used
to identify and monitor crops, classify forest stands with finer classification scales, and assess damages from
natural disasters. However, Landsat provides less frequent coverage of an area (every 16 days) and requires more
computing time and power than do AVHRR data sets. For these reasons, AVHRR is more widely used than
Landsat for global data analyses. Landsat data sets are also significantly more expensive than are AVHRR data
sets. According to one scientist, “The 10-times greater expense and 1,000-times-greater data volume [of Thematic
Mapper of Landsat (TM) data as opposed to AVHRR data preclude] use of multiple annual [Landsat] data sets
for global studies” (43). (The cost of each 120-by 110-mile scene is about $5,000 (18)).

New technologies'—instruments considered for Landsat 7 will improve surface resolution and allow the
creation of topographic images (by having the ability to point to the side), thereby increasing Landsat's revisit
frequencies from once every 16 days to once every 3 days (49). Until recently, a High Resolution Imaging
Spectrometer (HIRIS) was under consideration for development as part of NASA's Earth Observing System (EOS)
program. In principle, HIRIS data could be used to detect specific species of trees or other ground cover, track
pollutants in water, and identify natural vegetation that is under stress. A Synthetic Aperture Radar (SAR) proposed

for EOS--but recently canceled--would have been capable of multiangle, multifrequency, and multipolarizartiory

measurements (49). SAR could have measured soil moisture under vegetated land, determined the vertical

structure of vegetation canopies, and measured canopy moisture (53). However, both HIRIS and SAR wer

dropped from consideration because of high costs and launch requirements (54).

Uses of remote sensing under climate change®

Many questions about climate change impacts and how to respond to them remain unanswered. For
example, which plant and animal communities are likely to change first? How will they change? How fast will
changes occur? Which species are already declining? Why? Where? Which are flourishing? Satellite data are
already being used to answer many questions related to large-scale ecological change, but limitations in both
satellite technology and in ecological understanding prevent some of the most compelling questions about global
ecological change from being addressed with satellite data. The table in this box (next page) lists some potential
uses of remote-sensing data.

Remote sensing for scientific study-Although an Earth observation satellite has never been launched
specifically for ecological studies (41), current operating satellites can help reveal some important aspects of

5 Landsat 4 and 5 are operated and maintained by the Earth Observation Satellite Company (EOSAT, a
private company. Landsat 6 will be launched by the U.S. Government but operated by EOSAT (16). The Land
Remote Sensing Policy Act of 1992 (P.L. 102-555) transfers all control of future Landsat missions (starting with
Landsat 7) to the Department of Defense and NASA (49).

6 Landsat4 and 5 carry the Thematic Mapper (TM) sensor, providing 100-foot (30-m) ground resolution in  six
spectral bands (one thermal infared band has a 390-foot (120-m) resolution). Landsat 6 is scheduled for launch on
September 5,1993,and will carry an Enhanced Thematic Mapper Imaging Instrument (ETM). ETM will improve the
TM by adding a 5-foot resolution panchromatic sensor, making it possible to collect data streams with sharper
resolutions and increase vegetation discrimination.

7 See The Future of Remote Sensing from Space: Civilian Satellite Systems andApplications (49) for a more
complete discussion of the future of remote-sensing technologies.

8 Much of this section was developed from a workshop, “Ecology and Remote Sensing,” held September 18,
1992, at the University of Maryland at College Park.
(Continued on next page)
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Box 3-A--Remote Sensing as a Tool for Coping with Climate Change--(Continued)

Potential uses of current remote-sensing data for biosphere study
Classify land-surface cover
Detect Vegetation- climate relationships
Detect frequency and extent of fire
Detect inundation extent
Detect surface soil moisture in areas of low vegetation cover
Detect land and ocean surface temperature
Calculate ocean color indices
Calculate vegetation indices
Estimate global net primary production
Estimate ranges of evapotranspiration
Measure horizontal canopy structural -~ characteristics
Measure canopy hiochemical constituents
Measure vegetation water content

Potential uses of future remote-sensing data.®
Classify vegetation cover by community types or species assemblages
Detect and monitor margins of ecosystems
Detect successional stages in forests
Characterize vegetation stress (in natural communities as well as in crops)
Estimate contaminant concentrations in water and snow
Estimate biochemical composition of vegetation canopies in more detail
Estimate canopy structural characteristics with independent methods
Estimate biomass
Estimate extent of deforestation
Measure soil moisture in vegetated areas
Measure vertical canopy structural characteristics
Measure canopy biochemical constituents in more detail
Measure canopy moisture content
Measure canopy height

a Some uses may require further research in order to be proven.

SOURCES: U.S. Congress, Office of Technology Assessment (OTA), Ecology and Remote Sensing Workshop, Center for
Global Change, University of Maryland at College Park, Sept. 18, 1992; U.S. Congress, Office of Technology Assessment
(OTA) workshop, ‘EOS and USGCRP: Are We Asking and Answering the Right Questions?” Washington, DC, Feb. 25-26,
1393; S.L. Ustin et al., “Opportunities for Using the EOS Imaging Spectrometers and Synthetic Aperture Radar in Ecological
Models,” Ecology, vol. 72, No. 6,1991, pp. 1934-45; D.E. Wickland, "Mission to Planet Earth: The Ecological Perspective,”

Ecology, vol. 72, No. 6,1991, pp. 1923-33.
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Most of the energy that is reflected, absorbed, or scattered by the Earth’'s atmosphere is visible or shortwave
infrared energy (from 0.4 to 4 microns). in the thermal infrared, most attenuation is by absorption.
Short-wavelength radiation is reflected by clouds, water vapor, aerosols, and air; scattered by air molecules
smaller than radiation wavelengths; and absorbed by ozone in shorter wavelengths (<0.3 micron) and by
water vapor at the longer visible wavelengths (>1.0 micron).

SOURCE: A.M. carleton, Satellite Remote Sensing iN Climatology(Boca Raton, FL: CRC Press, 1991).
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changing ecosystems and the consequences of various impacts on the biosphere. Most importantly, satellite data
have allowed the biosphere to be studied from a new perspective and at much larger scales than ever before,
opening up a whole new area of ecological study. The most direct application of satellite data is the detection and
study of land-use change. Because satellite data can be used to discern broad classes of vegetation (e.g.,
grasslands, crops, evergreen forests, and deciduous forests), it has been an important tool in studying the extent
of deforestation in the tropics and the extent of desertification in Africa.

Leaf area, which can be calculated from remote-sensing data, has been used for identifying more specific
types of vegetation cover of large vegetated areas. A Leaf Area Index (LAI) is being used to identify the extent
of specific crops (such as wheat) and their stress levels throughout the growing season. It is also being used to
monitor the condition of rangelands, pastures, and other mostly homogeneous land cover. This technique is less
useful for natural vegetation where suboptimal growing conditions and a mix of species make t he links among LAI,
vegetation type, and health weak.

Remote sensing has also been used to monitor soil-moisture conditions in areas where--and during seasons
when--vegetation cover is sparse, but it cannot measure ground soil moisture in heavily vegetated areas. Thus,
satellite images miss most forested wetlands. Coastal erosion and some processes of large, shallow, open
wetlands (such as those in the Mississippi River Delta) can easily be studied and monitored over time with
remote-sensing data. For adequate delineation of wetlands, many wetland scientists believe that color infrared
data at a 16-foot (5-meter)’resolution viewed in stereo is required (18). Landsat 7 may be able to get this kind
of resolution for wetland delineation, but wetland scientists studying the larger-scale processes of coastal wetlands
would rather have a coastal contour map at I-foot contour intervals than improved satellite remote-sensing
technology (50).

Remote-sensing data have been used for tipping forest evapotranspiration and photosynthesis-key
processes that control the exchange of energy and mass in terrestrial vegetation. Climate change will likely perturb
patterns of evapotranspiration and photosynthesis. Regional maps of these processes will help researchers detect
and understand such change.

Remote sensing for land-management and planning-Remote-sensing data are being used in
conjunction with data from other sources as a tool for land management and planning. For example, the Fish and
Wildlife Service launched the Gap Analysis Project (GAP) in 1991 to identify areas of potentially high biodiversity
and their protection status to guide future land acquisitions and habitat-protection efforts. Remote sensing (mostly
Landsat data) is the primary tool used to identify vegetation types (see vol. 2, box 5J),

In addition, Geographic Information Systems (GISs) have been developed and used throughout Government
agencies for regional analyses and planning. Vegetation and land-cover information from remotely sensed data
is combined with digitized geologic, geographic, hydrologic, and topographic data in one computer system, so that
one overlay containing all this information can be studied and used to test potential land-use decisions (such as
altering the hydrology). Such analyses can lead to a better understanding of the Earth’s surface and subsurface
processes and more sound regional land-use planning near environmentally sensitive areas (see vol. 2, box 5-J).

Ducks Unlimited uses remotely sensed data from satellites in combination with aerial photography from the
Fish and Wildlife Service’s National Wetlands Inventory project for wetland monitoring. For their purposes,
combining National wetlands Inventory digital data with satellite data for evaluating wetland functions is more
valuable than using either product alone (18).

Current satellite data are useful for studying ecological processes on a very large scale, but are relatively
inadequate for detecting more subtle ecological changes, such as those at ecotones, at the edges of ecosystems,
or within an individual plant community. “Satellite data cannot match the extent, classification detail, or reliability”
of data from aerial photography and other manual techniques used in the National Wetlands Inventory Project (18).

9 To convert feet to meters, multiply by 0.305.
(Continued on next page)
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Box 3-A-Remote Sensing as a Tool for Coping with Climate Change--(Continued)

Limitations to broader applications of remote sensing

The principal drawbacks of satellite data for detecting impacts of climate change are their limited spatial and
spectral resolution. Remote sensing can be used to determine broad classes of vegetation, but it cannot identify
species or communities. With satellite-based information, it is nearly impossible to study the more subtle aspects
of regional ecological change. These include vegetation health in natural areas and mixed forests, ecological
change at ecosystem boundaries, migration of a single species or even a species community, drought conditions
and soil-moisture trends in heavily vegetated areas, and exact rates of wetland loss. Furthermore, few ecologists
are skilled at studying ecosystems at large, coarse-resolution scales.

Technology is available to expand applications of satellite remote sensing for studying impacts of climate
change, but high costs, launching requirements, and scientific priorities have delayed its development Even
current satellite data have not been used to their full potential for studying potential impacts of climate change.
For example, large-scale studies of the biosphere are limited by the availability of data sets. The only global
vegetation data set available is the Global Vegetation index (GVI), generated from AVHRR data. Even a

Landsat MSS Image Landsat MSS Image Landsat MSS Image
September 15, 1973 May 22, 1983 August 31, 1988
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Landsat data have been used to identify and monitor crops, classify forest stands, and assess damages from
natural disasters. These Landsat images of Mount St. Helens show the area in 1973 before the volcano
erupted andin 1983 and 1988, after the volcano erupted.
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the high costs of Landsat data.

pollution) may help to bridge the gap.

SOURCE: Office of Technology Assessment 1993.

consistent, calibrated, single-source map of U.S. land cover and land use does not exist. More detailed coverage
of large areas on the global or continental scale is limited by high costs and data volume. In fact, many university
researchers have started to study AVHRR data despite its limited resolution and spectral information because of

Another factor that limits wider use of remotely sensed data stems from differences among scientific
disciplines. Many ecologists, for example, are not trained to use satellite data (41), and those who use
remote-sensing technologies are typically not mainstream ecologists. There has never been a remote-sensing
instrument designed specifically for ecological studies (41). Furthermore, few remote-sensing scientists have
backgrounds in ecology or biology (41). Ecologists must essentially take what they can get from remote-sensing
data that may not be optimal for their field. Opportunities for interdisciplinary studies at universities and the
relatively recent surge of interest in ecosystem research (spurred by climate change, deforestation, and global

network. Both these shortcomings are important
to consider in future discussions about the science
base of USGCRP. Many correlative measure-
ments made with airborne platforms or ground-
based instruments (that would verify and calibrate
the satellite measurements and provide continu-
ous coverage when satellites are not operating)
were originally planned to be part of USGCRP
but were not funded. Costs for such efforts could
be a small percentage of the USGCRP budget—in
the tens of millions of dollars each year.”

The Landsat satellite monitoring program is of
significant ecological interest because it is the
primary source of data for detecting long-term
ecological trends (18).”Landsat satellites con-
tain instruments that analyze multispectral data to
obtain images of the Earth (see box 3-A). New
technologies have allowed resolution to improve
from about 100 feet (30 meters)“to a few feet.
Landsat data alow changes to be detected in
vegetation type and cover, hydrologic patterns,
extent of wetlands, land use, and soil moisture. It
is the only satellite monitoring program that has

a 20-year data set, despite several changes in
ownership and new technology over the years that
nearly resulted in its termination. The data are just
now becoming relevant for ecological studies of
changes in vegetation cover due to natural proc-
esses. Multidecade data sets are vital to global
change research; however, consistency is ex-
tremely difficult because the average life of a
satellite isonly 5 years. A central element of an
extended set of missions must be ensuring the
compatibility of future satellite data with current
data while accommodating new technologies. In
addition, subsequent satellites must survive fiscal
fluctuations.

m Balance Among NASA and
Other USGCRP Agencies

The question of balance between satellite and
nonsatellite measurements is directly connected
to the question of balance among participating
USGCRP agencies. Currently, NASA, the Na
tional Oceanic and Atmospheric Administration
(NOAA), and the Department of Energy (DOE)

17 OTA'S workshop "EOS and USGCRP: Arewe Asking and Answering the Right Questions? Washington, DC, Feb. 25-26, 1993.
18 Landsat receives approximately 25 percent of its budget from NASA and 75 percent from DOD. It is a part of NASA’s Mission to Planet

Earth, but it is separate from EOS.
19 To convert feet to meters, multiply by 0.305.
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This Landsat photo of Yellowstone National Park
demonstrates the different land-use patterns in the
vicinity of the park. A clear line, formed by different
land-use patterns, delineate the park boundary. The
area spans three States and is managed by Federal,
State, private, and tribal landowners. The Federal
portion of the area comprises two National Parks, nine
National Forests, and land owned by the Fish and
Wildlife Service and the Bureau of Land Management.
(Seeval. 2, ch. 5, box 5-F.)

control 80 percent of the focused research budget
for USGCRP. Even when contributing programs
are considered (e.g., those that are ongoing for
other reasons), NASA, DOE, and NOAA control
60 percent of the USGCRP budget (see figs. 3-4
to 3-7). The lack of participation by agencies
other than NASA has led to gaps in the overall
program. For example, DOI, which manages
approximately 500 million acres (200 million
hectares)”of public land that could be affected by
climate change, requested a decrease in
USGCRRP funding for both FY 1993 and FY 1994.
This can be attributed partly to management
agencies focusing their resources on what they
perceive as more immediate management con-
cerns.

Another dimension of the imbalance in agency
participation is the historical attraction that Con-
gress and the executive branch have had for
space-based research. Federal agencies may cor-
rectly perceive that it is easier to get financial
support for large, space-based projects than for
lower-profile research such as monitoring (36,
55).

NASA’s contribution dwarfs contributions from
other agencies, but it is unclear how to bring more
balance to the program to help fill the gaps and
make the necessary links to other global change
issues. Because USGCRP does not have a pro-
gram budget, it would be difficult to redistribute
funds across agencies; however, there might be
opportunities to modify projects within agencies
to help meet the needs of global change research.

ADAPTATION RESEARCH IN THE
FEDERAL GOVERNMENT

The Mitigation and Adaptation Research Strat-
egies program was created about the same time as
USGCRP and operated as an independent work-
ing group under CEES. MARS was conceived to
develop ‘a coordinated Federal research strategy
for mitigation of, and adaptation to, globa change
and with assessment of economic, social and
environmental effects of the proposed responses.
The program addressed four functions. mitiga-
tion, adaptation, economics, and social dynamics
(5). MARS objectives under its adaptation pro-
gram were to:

1. determine the sensitivity and adaptive
capacity of human and other natural sys-
tems to global change, and the social,
cultural, economic, and other constraints or
impediments to implementation of adaptive
measures and methods to reduce those
constraints;

2. determine the mechanisms and timing re-
quired for current evaluation procedures
and practices to be modified to meet soci-

M To convert acres to hectares, multiply by 0.405.
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ety’ s needs to accommodate global change,
given the uncertainties about the timing and
magnitude of global change and its effects;
and

3. identify, develop, demonstrate, and evalu-

ate technologies and strategies to adapt to
global change.

These objectives were to be directed toward
water resources, natural systems; food, forestry,
and fiber; and human systems. In asense, MARS
was charged with conducting al the research
components missing from USGCRP.

However, MARS did not receive the adminis-
trative backing that USGCRP did and never
developed an interagency research program on
mitigation and adaptation research. By 1992,
MARS, as aformal entity, ceased to exist. Under
the CEES Subcommittee on Global Change, an
informal, and later formal, Subcommittee on the
Environment and Technology formed in 1992,
which continues to address mitigation and adap-
tation issues, but in a much broader context.
Although this subcommittee has no budgetary
power, it is holding the door open for agencies
with more interest in applied climate change
research than in basic research, such as the
Environmental Protection Agency, the Depart-
ment of Housing and Urban Development (HUD),
the Tennessee Valley Authority, the U.S. Depart-
ment of Agriculture (USDA), and the Department
of the Interior, to redirect their funds to this end.

Although MARS provided a forum for agen-
ciesto discuss global change programs of mutual
interest, it was unable to exercise any influence
over project selection and funding. Consequently,
MARS served primarily to identify existing
agency programs and projects that addressed
mitigation, adaptation, social dynamics, and eco-
nomic issues either as a main focus or as a
contributing element.

1 Research “Focused” on Adaptation
MARS classified only a handful of projects as
focused on adaptation research, and funding for

Three-level, open-top chambers, such as these at
Finley Farm, North Carolina, can be used to study the
effects of increased carbon d-oxide, ozone, and
drought stress on trees and plants.

these projects totaled $8.18 million in N 1992
(5) (see table 3-3A). These projects are not
included in USGCRP per se because they do not
conform to the USGCRP mission of *‘‘observe,
understand, and predict. ”

Of the $8.18 million considered focused on
adaptation research, NOAA spent $4.1 million, or
close to 50 percent, the National Science Founda-
tion (NSF) and EPA each spent $1.2 million, or
15 percent, each, and USDA spent $0.35 million,
or 4 percent, of the total spent on adaptation
research. DOI, the department that houses land-
management agencies responsible for 500 million
acres of public land, was conspicuously absent
from the MARS list of agencies undertaking
focused adaptation research.

Examples of focused adaptation research in-
clude: a $200,000 NSF program on the effects of
climate change on coastal zones; a $1.1 million
USDA program that seeks to simulate the effects
of changing climate and management practices on
organic matter, crop yields, and rangeland pro-
ductivity; a $20,000 TVA program on regional
climate scenarios; a $30,000 TVA program ad-
dressing the sensitivity of the TVA reservoir and
power supply systems to extreme meteorology; a
$250,000 Department of Defense (DOD) program
that assesses the impacts of potential climate

JOIAH3S 1S3HOd 'S'N
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Table 3-3A—FY 1991 and 1992 Focused Research by Agency and Function

($ millions)
Totals Mitigation Adaptation Economics

Agency* 1991 1992 1991 1992 1991 1992 1991 1992
DOC 3.3 5.1 0.1 1.0 3.2 4.1
DOD 11 11
DOE 1.7 22 17 22
DOS <0.1 0.1 (.1 0.1
DOT 0.2 0.2
NSF 1.2 12 1.2 1.2
USDA 35 2.1 0.4 1.0
EPA 3.3 3.3 2.4 2,1 1.0 1.2

Totals 9.5 16.5 4.1 7.3 5.4 8.2 1.0

‘DOS= Department of State; DOT= Department of Transportation. For definition of other terms, see table 3-1.
SOURCE: Committee on Earth and Environmental Sciences (CEES), Mitigation and Adaptation Research Strategies
Working Group, MARS Working Paper 1: Description of Proposed Cooordinated Program (Washington, DC: CEES,

1992).

Table 3-3 B--FY 1991 and 1992 Focused Adaptation Research by Agency and Element

($ millions)
Natural Human Food, Forestry, Water
Totals Systems Systems and Fiber Systems

Agency*® 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992
DOC 3.2 4.1 0.7 L1 0.4 1.0 2.2 2.0
DOD 11 11
DOS <0.1 0.1 <0,1 0.1
DOT 0.2 0.2
NSF 1.2 1.2 1.2 1.2
USDA 0.4 0.1 0.1 0.1 0.1
EPA 0.9 1.2 0.3 0.4 0.2 0.3 0.2 0.3 0,2 0.3

Totals 5.4 8.2 1.0 1.6 1.8 2.8 0.2 0.3 2.4 3.4

‘DOS= Department of State; 130 T= Department of Transportation. For definition of other terms, see table 3-1.
SOURCE: Committee on Earth and Environmental Sciences (CEES), Mitigation and Adaptation Research Strategies
Working Group, MARS Working Paper I: Description of Proposed Coordinated Program (Washington, DC: CEES, 1992).

change on water resource management; and a
$50,000 DOE program on regional impacts that
seeks to develop a model designed to capture the
essential climate-sensitive relationships within
and between resource sectors (6).

Research that MARS classified as focused on
economics received $1.0 million in FY 1992; no
research was classified as focused on socia
dynamics.

I Research “Contributing” to Adaptation
MARS identified research on the effects of
climate change on natural and engineered systems

and research on the potential impact on society of
these changes as contributing to adaptation re-
search. With the exception of NASA’s compo-
nent, the majority of USGCRP research under the
science elements Ecological Systems and Dy-
namics and Human Interactions can be consid-
ered impacts research--that is, how climate
change effects plants, animals and people. Eco-
logical Systems and Dynamics research made up
$224 million, or 17 percent, of the FY 1993
USGCRP budget, and Human Interactions re-
search made up $22 million, or less than 2 percent
of the USGCRP budget. NASA spent 66 percent
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Table 34A-Percent of Total FY 1992 USGCRP Budget for the
Third Science Element, Ecological Systems and Dynamics (ESD), Compared with
Percent of Each Agency’s GCRP Budget for ESD*

Percent of USGCRP ESD

budget allocated
or requested °

Percent of USGCRP ESD budget
allocated or requested as percent
of each agency’'s GCRP budget

Agency FY 1993 FY 1994 FY 1993 FY 1994
DOC/NOAA 1 1 5 4
DOD <1 <1 15 15
DOE 2 2 4 4
DOI 4 3 21 24
EPA 4 4 36 39
HHS 0 0 0 0
NASA® 66 66 16 16
NSF 10 12 17 18
Smithsonian 2 2 62 62
TVA 0 0 0 0
USDA 11 10 53 52

*ESD received $224,3 million in FY 1993; for FY 1994, the budget request is for $249.3 million
(approximately 17 percent of the total USGCRP budget).

"FY 1993 figures represent appropriated funds; FY 1994 figures represent requested funds.

‘Part of the reason the NASA figures are so high is that the capital costs of their projects are greater
relative to other projects, Although these comparisons are instructive, they do not reflect information on the

cost and yield of research.

Table 3-4 B-Percent of Total FY 1992 USGCRP Budget for the
Fifth Science Element, Human Interactions (Hi), Compared with Percent of
Each Agency’s GCRP Budget for HI*®

Percent of USGCRP HI
budget allocated
or requested

Percent of USGCRP Hi budget
allocated or requested as percent
of each agency’'s GCRP budget

Agency FY 1993 FY 1994 FY 1993 FY 1994
DOC/NOAA 3 3 1 1
DOD 0 0 0 0
DOE 11 10 3 3
DOI 13 6 7 4
EPA 15 11 13 10
HHS 5 6 100 100
NASA 0 0 0 0
NSF 42 53 8 8
Smithsonian 3 3 10 10
TVA 0 0 0 0
USDA 8 9 3 4

*HI received $22.2 million in FY 1993; for FY 1994, the budget request is for $24.4 million (approximately

1.6 percent of the total USGCRP budget).

"FY 1993 figures represent appropriated funds; FY 1994 figures represent requested funds.

SOURCE: Office of Technology Assessment, 1993.

of the total USGCRP Ecologica Systems and

Dynamics budget; however, Ecological Systems
and Dynamics research represents only 16 per-
cent of the agency’s global change research
budget (see table 3-4A). In addition, NASA’s
research in this area focuses primarily on ecologi-
cal functions and characterizations, not effects of

climate change on ecological systems. In contrast,
USDA spends only 11 percent of the USGCRP
Ecological Systems and Dynamics budget, which
represents 53 percent of their global change
research budget. DOI spends 3.5 percent of the
USGCRP Ecological Systems and Dynamics
budget, which represents 21 percent of their



136 | Preparing for an Uncertain Climate-Volume 2

global change research budget (see table 3-4A).
The agencies that one would expect to conduct the
bulk of research on ecological systems and the
effects of climate change on ecosystems—EPA
and the land-management agencies of DOI and
USDA—rplay only a minor role. The reasons are
varied and complex, but include the higher capital
costs of NASA projects and the reluctance of
some agencies to actively support and participate
in the program. Consequently, these agencies
contributions to USGCRP comprise projects that
are in place for reasons other than climate change
research, such as characterizing ground- and
surface-water flows, maintaining weather data,
and monitoring ecosystem change.

Definitions of what encompasses Ecological
Systems and Dynamics research become very
important in the face of such disparate budget
alocations among agencies. If the definition is
not consistent across agencies, or if it is too broad,
large gaps could potentialy exist. For example, it
is unclear how much large ecosystem research is
being conducted—such as research on the use of
corridors for the migration of plants and animals
in response to global change or techniques for
ecosystem transplantation. Are we clarifying
rates at which various species in an ecosystem can
migrate? Do we understand how to maintain
ecosystems in place? Will pest ranges increase?
Will fire hazards increase' ? Are our crop and tree
varieties genetically diverse enough to cope with
the range of potential changes? What agencies are
addressing these questions, and is research ade-
quate to find the answers to these questions? What
guestions under this research category does
NASA attempt to answer compared with what
guestions USDA attempts to answer? NASA’s
contribution to the understanding of ecological
systems comes largely from space-based meas-
urements and observations, whereas the land-
management agencies contribution comes more
from field research. Box 3-B highlights weak-
nesses in environmental research identified by the
National Research Council (NRC).

Of the $22 million spent on Human Interac-
tions, NSF spends 42 percent, which represents
7.5 percent of their global change research
budget. Except for the Department of Health and
Human Services (HI-IS), which spends $5.41
million, or 100 percent, of its USGCRP budget on
Human Interactions, the percent of agency
USGCRP budgets allocated to Human Interac-
tions ranges from 0 to 10 percent (see tables 3-3B
and 3-4B). Although it is difficult to obtain
reliable numbers, because social science research
has many labels, it is doubtful that any Federa
agency devotes as much as 1 percent of its total
research budget to environmental social science
(37).

Specific projects classified as contributing to
adaptation include: a $4.7 million program at
DOI's National Park Service (NPS) to improve
the scientific basis of adaptive management of the
types of ecosystem responses likely to be associ-
ated with climate and other global environmental
changes; a $1.3 million program at DOI’ s Bureau
of Reclamation (BOR) to study the changes in
hydrologic processes under scenarios of global
climate change and to determine the potential
impacts on snowpack, snowmelt, and runoff in
the 17 Western States; a $1.5 million program at
DOI's U.S. Geologica Survey (USGS) to evalu-
ate the sensitivity of water resources to climate
variability and change across the United States;
and a $150,000 DOE program to evauate the
existing socia science knowledge base concer-
ning energy and the analysis of the role of
institutions in making decisions affecting climate
change (6).

Very little of the effects research described
above could aso be considered research on the
impacts of global change on human systems.
USGCRP'S new Economics Initiative does con-
sider the impact of climate change on the econ-
omy, and severa agencies support research in this
area, including NSF, NOAA, and USDA (in its
Economics Research Service). However, the eco-
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Box 3-B-Weaknesses in U.S. Environmental Research Identified
by the National Research Council

m The research establishment is poorly structured to deal with complex, interdisciplinary research on large spatial
scales and long-term temporal scales. These traits characterize the primary needs of an effective environmental
research program.

= There is no comprehensive national environmental research plan to coordinate the efforts of the more than 20
agencies involved in environmental programs. Moreover, no agency has the mission to develop such a plan, nor
is any existing agency able to coordinate and oversee a national environmental research plan if one were
developed.

u The lack of unintegrated national research plan weakens the ability of the United States to work creatively with
governments of other nations to solve regional and global problems.

m The Nation’s environmental efforts have no clear leadership, As suggested by the lack of a cabinet-level
environmental agency, the United States has lacked strong commitment to environmental research at the
highest levels of government. Environmental matters have been regarded as less important than defense,
health, transportation, and other government  functions.

m Although individual agencies and associations of agencies analyze data to provide a base for decisions on
strategies and actions to address specific environmental problems, no comprehensive "think tank” exists for
assessing data to support understanding of the environment as a whole and the modeling of trends whose
understanding might help to set priorities for research and action.

= Bridges between policy, management, and science are weak There is no organized system whereby
assessments of environmental problems can be communicated to decisionmakers and policy-setters.

= Long-term monitoring and assessment of environmental trends and of the consequences of environmental rules
and regulations are seriously inadequate. The United States has a poor understanding of its biological resources
and how they are being affected by human activities. Although biological surveys have a long history at the State
and Federal level in the United States, it is only very recently that we appear to be approaching a consensus
on the need for a comprehensive, national biological survey.

m There is insufficient attention to the collection and management of the vast amount of data being developed by
the 20 agencies involved in environmental research. Collection and management of environmental life-science
data are less well organized than those of environmental physical-science data.

= Education and training in the Nation’s universities are still strongly disciplinary, whereas solution of
environmental problems requires broadly trained people and multidisciplinary approaches, Opportunities for
broadly based interdisciplinary graduate degrees are few, and faculty are not rewarded as strongly for
interdisciplinary activities as they are for disciplinary activities. Thus, there is a risk that environmental scientists
appropriately trained to address pressing needs will be lacking.

= Biological-science and social-science components of environmental research are poorly supported, compared
with the (still inadequate) support given to the physical sciences.

m Research on engineering solutions to environmental problems is seriously underfunded. That reduces our ability
to protect ecosystems and restore damaged ones to productivity and jeopardizes the Nation’s ability to achieve
major economic benefits that are certain to derive from increasing worldwide use of technologies for these purposes.

m With respect to environmental affairs, government operates in a strongly adversarial relationship with both
industry and the general public, to the detriment of integrated planning and maintenance of an atmosphere of
mutual trust that is essential for effective government functioning.

= With important  exceptions in the National Science Foundation, the National Oceanic and Atmospheric
Administration, and the U.S. Geological Survey, most environmental research and development is narrow,
supporting either a regulatory or a management function. That appears to be particularity true in the
environmental life sciences.

SOURCE: National Research Council, Research to Protect, Restore, and Manage the Environment, Committee on Environmental
Research, Commission on Life Sciences (Washington, DC: National Academy Press, 1993).
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nomics component of USGCRP is not well-
integrated with the rest of the program.”

CEES is aware of the absence of research on the
impacts of climate change and has slightly
expanded Earth Process Research, the second
integrating priority, to include research to deter-
mine the impacts associated with predicted global
changes (12). However, explicit recognition of
the need for research on impacts of climate
change is not yet reflected in the program
structure.

I A New Adaptation Program

For reasons discussed above, it is necessary to
pursue research on impacts of global change and
potential response and adaptation strategies with-
out waiting for USGCRP to complete climate
research. The issues addressed by MARS con-
tinue to be discussed because MARS sought to
answer near-term policy questions and questions
that naturally accompany climate change re-
search: If the climate is changing, how will
forests, agriculture, and natura areas be affected
and what should we do? MARS may not have had
the administrative, congressional, and program
support it needed to pursue its mission a few years
ago, but now MAIM-related questions are being
asked with more persistence, and it might be time
to consider reinstating another MARS-type pro-
gram.”The following discussion addresses how
such a program might be structured. We suggest
some possible ways to incorporate adaptation into
USGCRP below and in option 3-5.

A framework for developing research priorities
for an adaptation research program (ARP) should
be devel oped through a combination of an intera-
gency committee and an external advisory panel.
The interagency committee should consist of

members from several scientific disciplines and
the policy- and decisionmaking communities.
Committee and advisory panel members should
be committed to the goa of creating a management-
and policy-relevant research program.

The committee and advisory panel could ad-
dress the following questions:

1. What areas of science are important to
pursue in order to support adaptation re-
search? What existing federally supported
research, which is not currently classified as
global change research, could be augmented
to support an adaptation-focused research
program?

2. What areas of research would most effec-
tively reduce the physical, biological, social-
behavioral, and economic uncertainties faced
by decisionmakers in choosing among pol-
icy options affecting global change?’

3. How can ARP be organized so that it is
useful to public and private decisionmakers?

Answers to these questions require cooperation
and coordination in the ecological and social
sciences communities, coordination among the
land-management agencies, and a clear delinea-
tion of the role of adaptation research in agency
policy and management. As concluded by the
Committee on Human Dimensions of Global
Change, there is “an almost complete mismatch
between the roster of Federal agencies that
support research on global change and the roster
of agencies with strong capabilities in socia
science” (35). There is a similar mismatch
between the roster of Federal agencies with
environmental responsibilities and the roster of
agencies with strong capabilities in social science
(37).

21 OTA’s workshop ‘‘EOS and USGCRP: Are We Asking and Answering the Right Questions?’’ Washington, DC, Feb. 25-26,1993.

21 OTA’s workshop ** EOS and USGCRP: Are We Asking and Answering the Right Questions? Washington, DC, Feb. 25-26, 1993.

22 Congress specifically askedOTA toaddress adaptation issues; however, if Congress chooses to instigate an adaptation program, it should
also decide whether related mitigation xssues should readdressed along with an adaptation program, as a separate program, or within USGCRP.

23 This question was developed in the National Acid Precipitation Assessment Program's @NM’@ 1984 annual report for Task
Group | (39). Unfortunately, that task group was disbanded the next year.
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The Ecological Society of America s Sustain-
able Biosphere Initiative (SBI) has made a start in
fostering cooperation among the ecological and
social sciences. SBI has clearly laid out scientific
priorities in the ecological sciences. Coordination
among the land-management agencies is aso
beginning with groups such as the Terrestria
Research Interest Group, an ad hoc coordinating
committee of Federal agencies and other organi-
zations conducting terrestrial research (see box
5-J). An adaptation program could continue to
encourage such efforts.

Budget Mechanisms for ARP

Because the scope of any ARP would reach
across agencies, a new agency or executive body,
or a new office in an existing agency, could be
created to houseit or, as with USGCRP, a budget
crosscut could be used. Because several agencies
have significant expertise and infrastructure to
pursue research on adaptation to global change
and because of budget constraints, Congress
might find it difficult to create a separate body for
ARRP. If an existing agency housed ARP, it could
undermine the ARP mission by creating tension
among agencies about interagency authority.
Because budget crosscuts have worked well in the
past, at least until the point when they are
submitted to Congress, the use of a budget
crosscut for ARP might be desirable.

FCCSET currently coordinates the budget
crosscut of USGCRP and could coordinate the
budget crosscut for ARP. However, because
FCCSET supports science, engineering, and tech-
nology initiatives but does not initiate management-
and policy-relevant deliberations within these
programs, it may not be the best organization for
ARP budget coordination. If an office within the
White House coordinated ARP's budget, the
program could more easily maintain its emphasis
on policy-relevant research; however, it might be
more subject to political pressure.

ARP Within USGCRP

If Congress does not wish to create anew ARP,
but chooses instead to augment the existing
USGCRP three points should be considered.
First, the priorities of USGCRP would need to be
changed. In addition to observation, understandi-
ng, and prediction, “planning’ for climate
change and other global changes, including adap-
tation, would have to be incorporated into the
USGCRP goals. The seven scientific elementsin
the priority structure of USGCRP might need to
be rewritten, with the help of advisory panels,
agency personnel, and, perhaps, the National
Research Council. More funds would need to be
allocated to the research topics under the present
Ecological Systems and Dynamics and Human
Dimensions elements. Adaptation would have to
be incorporated into the existing elements, or a
new adaptation element would have to be added.

Second, as would be the case with a separate
program for adaptation, the land-management
agencies must be encouraged to unify their
research programs that address ecological and
human-system response to and management of
global change. Congress must commit more
resources to the Ecological Systems and Dynam-
ics and Human Interactions research areas, espe-
cialy within the land-management agencies.
Finally, projects currently supported under
USGCRP would need to be reviewed for their
usefulness to adaptation research. For example,
the Earth Observing System (EOS) currently
concentrates on climate monitoring and ecologi-
cal monitoring, primarily for the sake of deter-
mining land-atmosphere interfaces for global
climate models. Could EOS be modified to
provide information on processes that are impor-
tant for adaptation?

EVALUATION MECHANISMS

To date, there has been no formal evaluation of
the overall scope, goals, and priorities of
USGCRP and of whether its activities collect-
ively are addressing the needs of policy makers.



140 Preparing for an Uncertain Climate-Volume 2

Several evaluation mechanisms could be used to
address the dichotomy between science and
policy in USGCRP, including internal and exter-
nal reviews, integrated assessments, and coordi-
nated congressional oversight. Appropriate com-
munication links among scientific disciplines,
Federal agencies, State agencies, policy makers,
decisionmakers, and all levels of USGCRP are
vital for its success.

=« Reviews

Most formal reviews of USGCRP elements
have centered on the instruments and methods
used in research about specific scientific priorities
or have focused on individual projects within the
program. For example, teams reviewing the EOS
program have addressed specific instruments that
EOS should use, and the National Academy of
Sciences (NAS) has carried out reviews and
midcourse evaluations of specific agency pro-
grams and projects.

Reviews should be used as a mechanism for
maintaining flexibility in the program and to
redirect its activities, if necessary. Reviews
should: be timely and efficient; include people
who do not have an immediate stake in USGCRP,
but do have significant knowledge about its
current structure, content, and history; be con-
ducted periodically to reflect the nature of the
questions being asked; and identify programs that
can be eliminated as well as recommend new
ones. Perhaps most importantly, reviews that call
for a redirection in the overall program should
consider that research on global change issues
requires afinancial and institutional commitment
that transcends political and budgetary cycles.
Reviews should not be used to respond to the
political crisis of the day or as a mechanism to
undermine effective programs with long time
horizons.

« Integrated  Assessments

Reviews generally look at individual parts of a
program or the program as a whole and determine
how they are functioning; they do not try to
integrate the program’ s different research resuilts.
Integrated assessments are a mechanism for
synthesizing all the research relevant to an
identified problem and for presenting research
resultsin a policy context to decisionmakers (13,
42).*Just as important, integrated assessments
help guide research and identify key assumptions,
uncertainties, gaps, and areas of agreement. The
Federal Government tried to incorporate an as-
sessment process into the National Acid Precipi-
tation Assessment Program (NAPAP) in the
1980s with only limited success (see box 3-C). A
challenge for the global change research commu-
nity will be to devise assessments that minimize
disruption of ongoing programs but still alow for
redirection of program elements in light of new
discoveries, advances in technology, and chang-
ing long-term needs of policy makers.

Scientific information is critical, but not suffi-
cient, in determining how the United States
should respond to the risks of global change. If
USGCREP is to be driven by social relevance as
well as by scientific curiosity, its research priori-
ties should include sociocultural factors as well as
physical factors (23). Integrated assessments
could help determine the importance of the
problems presented by global change relative to
other policy problems, outline aternative policies
to respond to global change, and explain the pros
and cons of various responses and implementa-
tion strategies.

For example, preliminary results of an inte-
grated assessment computer model to prioritize
policy-relevant research, by Carnegie Mellon
University, suggest that: economic and ecological
impacts are unambiguously the most important

24 Integrated assessment (also known as comprehensive and end-to-end Assessment) is an evolving concept. AN integrated assessment of
global change would generally include at least the following activities: assessments of the physical science component of a project; assessments
of the potential impacts of change on the environment, human health, and the economy; assessments of the effectiveness and economic impact
of possible societal responses to change; and assessments of the political feasibility of possible responses (31).
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Box 3-C--Lessons from NAPAP

In 1980, Congress passed the Acid Precipitation Act (Title VIl of the Energy Security Act, P.L. 98-294) and
thereby established an interagency task force to plan and oversee a 10-year National Acid Precipitation
Assessment Plan (NAPAP). The National Oceanic and Atmospheric Administration, the U.S. Department of
Agriculture, and the Environmental Protection Agency jointly chaired the task force, which included representatives
from the Department of the Interior, the Department of Health and Human Services, the Department of Commerce,
the Department of Energy, the Department of State, the National Aeronautics and Space Administration, the
Council on Environmental Quality, the National Science Foundation, and the Tennessee Valley Authority along
with representatives of the Argonne, Brookhaven, Oak Ridge, and Pacific Northwest National Laboratories and
four Presidential appointees. The purpose of NAPAP was to increase our understanding of the causes and effects
of add precipitation through research, monitoring, and assessment activities that emphasized the timely
development of science for use in decisionmaking (39).

NAPAP (with an annual budget that ranged from about $17 million at the beginning of the program to just
over $300 million at its end) was one of the most ambitious interagency programs ever focused on a particular
problem (47). It was designed to be a major research effort that provided policy-relevant information in a timely
manner. It succeeded in its research efforts, but it did not provide policy-relevant information in a timely manner.
Because the nature of problems facing the country is increasingly interdisciplinary and global in scope, it is
reasonable to assume that the government will mandate more programs that try to bridge the gap between science
and public policy. To reap the greatest benefits from these programs, it will be necessary to incorporate the lessons
of NAPAP into program structure. This box focuses on the Task Group on Assessments and Policy Analysis and
the overall lessons learned from such a large, interagency program.

When founded, NAPAP consisted of 10 task groups, each with a single agency serving as the coordination
contact: Natural Sources of Acid Precipitation, Human Sources of Acid Precipitation, Atmospheric Processes,
Deposition Monitoring, Aquatic Effects, Terrestrial Effects, Effects on Materials and Cultural Resources, Control
Technologies, Assessments and Policy Analysis, and International Activities. In 1985, the assessments and policy
analysis task group was dishanded--a decision that undermined the value of the program for decisionmakers.

Congress established NAPAP in large part to determine whether acid rain was a problem. However, in the
context of research NAPAP did not approach acid rain as a unified issue. Rather, it examined the subject at
multidisciplinary and subdisciplinary levels with little emphasis on synthesizing findings, As stated in one critique
(24):

The program reported findings in excruciating disciplinary detail, an approach which was not especially

helpful to non-specialist decision makers. The disciplinary pluralism of NAPAP also allowed policy

advocates to pick and choose among NAPAP’s reported findings, emphasizing facts or uncertainties

supporting a particular position and reemphasizing others. NAPAP lacked an extra-disciplinary

perspective that would have allowed it to characterize acid rain as a problem, non-problem, or
‘ something in between,

Assessment and policy analysis research develops and uses quantitative methods to organize and
communicate scientific and other information in ways that allow comparison of policy choices. These methods
include decision analysis, benefit-cost analysis, risk analysis, and technology assessments. The NAPAP Task
Group on Assessments and Policy Analysis attempted to begin early in the program to develop integrated
assessment methodologies and to perform multiple assessments throughout the program to ensure policy
relevance. A 1985 report was to include an assessment of the current damages attributed to acid deposition, an
uncertainty analysis of key scientific areas, and the implications of uncertainty for policy choices. The task group
also tried to develop a framework for the methodology for subsequent integrated assessments in 1987 and 1989
(25),

(Continued on next page]
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Box W-lessons from NAPAP--(Continued)

However, in 1985, NAPAP’s management changed and, consequently, the focus of the program changed.
The assessments task group was disbanded, and responsibility for assessments was transferred to NAPAP'’s
director of research. It was uncertain whether NAPAP would produce even one assessment. NAPAP ceased
funding integrated assessment modeling because the Interagency Scientific Committee decided to spend their
limited funding on other research. The new director repeatedly delayed the 1985 assessment, but it was finally
released-with much controversy--in 1987. The 1987 and 1989 integrated assessments were never produced.
Finally, during the last few years of the program, NAPAP produce its second integrated assessment; however, the
1990 publication of the report came too late to be of maximum use to policy makers in formulating the amendments
to the Clean Air Act (47).

Because NAPAP failed to carry out the full range of assessmentis t originally planned, key components for
the 1990 integrated assessment were either not pursued or were underfunded, and the assessment was
incomplete (39). For example, although NAPAP was initially supposed to evaluate the economic effects of add
deposition on crops, forests, fisheries, and recreational and aesthetic resources and to determine the implications
of alternative policies, funds were significantly reduced for research in these areas (47).

The Oversight Review Board (ORB) of NAPAP, in its 1981 report to the Joint Chairs council of the Interagency
Task Force on Acidic Deposition, strongly emphasized that an assessment function be given primacy throughout
an interagency program (39). ORB’s keyrecommendation on lessons learned about the interface between science
and policy was to give assessment priority over research (24) because “science and research findings per se have
little to offer directly to the public policy process, [and] their usefulness depends on assessment, defined as the
interpretation of findings relevant to decisions” (39). ORB also outlined eight other suggestions that any program
with such a close interface between science and policy should follow:

. Match institutional remedies to problems.

. Obtain and maintain political commitment.

. Take steps to ensure continuity.

. Configure organization and authority to match responsibility.
. Give assessment primacy.

. Provide for independent external programmatic oversight.

. Understand the role of science and how to use it.

. Take special care with communication.

. Prepare early for ending the program.

The insights gained from the experiences of NAPAP were not considered when designing the U.S. Global
Change Research Program (USGCRP)-a much larger program on both a temporal and spatial scale than
NAPAP. Some argue that USGCRP is following the same path as NAPAP--good research will come from
USGCRP, but the results will not be used to inform policy, and decisions concerning global change will be made
with little more knowledge than is available today (42). The logical questions to ask are: Why didn’'t Congress use
the experiences of NAPAP in formulating legislation for USGCRP, and how should incorporation of lessons from
NAPAP be integrated into USGCRP and future Interagency programs?

©CONOUDWN R

SOURCE: Office of Technology Assessment, 1993.

sources Of uncertainty and that reducing the  according to the policy objectives chosen and the
uncertainty is more important than resolving the  time horizon; although they must not be ignored,
differences among climate models; the priority ~ uncertainties about climate variables appear, in
placed on research in different fields will vary ~ many cases, to be less important than certain
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social, economic, and ecological factors;, and
models that measure al impacts in monetary
terms are unlikely to be able to explore many of
the most important aspects of the climate prob-
lem (15).

Regardless of the scope of an integrated
assessment, its primary functions should be: to
identify key questions to be answered, to survey
the state of current scientific judgments about
what we know and do not know about global
change and its impacts, to identify and prioritize
what the key uncertainties are in relation to policy
needs, to list key assumptions and judgments, to
identify where new research is needed to aid the
policy process most effectively, including re-
search on key uncertainties in understanding the
climate system and fostering mitigation and
adaptation research, and to establish the require-
ments for peer and public review (24, 42).

Assessments need not be conducted sequen-
tially (e.g., results of earth science research or
economic research need not be complete before
an assessment can begin), but should begin at the
beginning of a program and continue throughout
the life of the program (). The ideal assessment
would pay particular attention to bridging gaps
and maintaining essential links among various
research projects and disciplines and would
determine the value of new information.

The Massachusetts Institute of Technology,
Carnegie Mellon University, the Electric Power
Research Ingtitute, and Battelle Pacific Northwest
Laboratory have programs for developing com-
puter models for integrated assessments. For
example, the Battelle Pacific Northwest Labora-
tory is developing an Integrated Climate Change
Assessment Model (ICCAM)*that will incorpo-
rate information from models on human activi-
ties, atmospheric composition, climate and sea
level, and terrestrial ecosystems (17). ICCAM is
intended to be an integrated collection of these

modelsin areduced, or simplified, form, with the
goal of giving practical answers to practical
guestions. The models are limited by the com-
plexity and uncertainty of each system, and some
fear that the results from these integrated assess-
ments could be difficult to understand. However,
these models can at least help to structure thought,
direct inquiries, identify which uncertainties are
important and which are not, and suggest courses
of action (40).

Assessments could be performed by independ-
ent, nongovernment committees, Federal intera-
gency task forces consisting of agency personnel
who are participating in the program, a mix of the
two groups, or by the Nationa Academy of
Sciences (42). Nongovemment committees would
offer the fresh perspective of independent evalu-
ators who are less weighed down by political
agendas; however, they might have little control
over the agencies they are trying to influence.
Interagency committees would have the advan-
tage of using Government researchers who are
well-informed about the program and who could
not easily ignore assessment findings.

To date, integrated assessments have received
little administrative support and almost no fund-
ing from any ongoing program. Some agency
personnel have expressed interest in integrated
assessments, but few have committed any re-
sources to it (EPA and DOE have funded some
assessment research). The little funding that
integrated assessments have received has come
largely from NSF and the Electric Power Re-
search Institute. A small percentage of the total
USGCRP budget—perhaps 1 to 5 percent--could
be set aside for integrated assessment (15, 50).
The Carnegie Commission also recommends that
a larger percentage of environmental research and
development dollars go toward assessment and
policy research (4).

25 Battelle Pacific Northwest Laboratory is working in conjunction with the University Corporation for Atmospheric Research, the Electric
Power Research Institute, the U.S. Department of Energy, and the Environmental Protection Agency.
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« Congressional Oversight

Congress has held severa hearings on global
climate change that have focused predominantly
on what we know, what we do not know, the
accuracy of current data, reconciling the existence
of conflicting data, the implication of climate
change for natural resources and the economy,
and the potential costs of actions designed to
mitigate climate change. However, these hearings
have not successfully addressed USGCRP as a
program. Some hearings have focused on the
current research of program participants, which is
a first step in determining the necessity of the
research, but few have focused on whether
USGCRP research was supplying information
needed to develop policy responses to global
change. The direction of the program and its
emphasis on the frost two science elements have
not been atered.

In addition, the different committees with
jurisdiction over USGCRP have not been equally
active in their oversight activities. As a result,
certain portions of the program are regularly
reviewed while others are never reviewed.

New approaches to traditional authorization
and appropriation procedures for large intera-
gency programs such as the USGCRP need to be
considered. The current authorization and appro-
priation process guarantees that USGCRP will be
examined by Congress only in pieces (38). An
annual, ad hoc appropriation subcommittee might
be created to specifically address the USGCRP
budget as a whole. This committee should consist
of members from appropriation subcommittees
with jurisdiction over elements of USGCRP (see
table 3-2).

For congressional oversight to be effective in
influencing USGCRP, a long-term systematic
approach to communication and oversight must
be developed. Congressional feedback, expecta-
tions, and prospective actions must be communi-
cated quickly to the program. Oversight should be
extended to include regular meetings among
policy makers who have jurisdiction over

USGCRP and USGCRP participants; an interdis-
ciplinary, multiagency group working with
USGCRP; and outside reviewers. Results from
these meetings should be freely and widely
disseminated. Oversight hearings should be coor-
dinated with all committees who have jurisdiction
over USGCRP (see table 3-I).

POLICY OPTIONS: AUGMENTING
THE FEDERAL RESEARCH EFFORT
ON GLOBAL CHANGE

To policy makers, climate change does not
become a problem the moment that the change in
the Earth’s mean average temperature becomes
statistically significant. For them, it becomes a
problem when a community feels the pinch of an
unwanted event-drought or flood or decline of
timberland, for example. Knowing how best to
ameliorate or cope with any costs that climate
change might induce is important to policy
makers. Knowing how mitigation efforts to re-
duce greenhouse gases will affect our ability to
adapt is important. Knowing what information is
knowable and unknowable over various time
scales isimportant to policy makers. Thiskind of
information does not automatically emerge from
a basic research program. To be useful to the
governing bodies of the world, the science facts
gained by USGCRP must somehow be translated
into potentia costs or benefits incurred by climate
change and must guide strategies to prepare for or
react to change. Currently, there is no formal
mechanism in USGCRP for making the link
between policy and science.

Given the complicated and long-term nature of
climate change, the research needed to understand
it, and the shorter-term needs of policy makers,
a research program for globa change should
idedly:

= identify the key science and policy questions

for the near term and the long term;

= Orchestrate a research program that involves

the physical, biological, and social scientists;
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« integrate the research results across disci-
plines (i.e., assess the state of understanding)
periodically; and

= communicate results back to the researchers
and policy makers effectively.

Identifying the outcomes that matter to policy
makers should be the first step in refining global
change research programs, with scientists helping
the policy makers to ask pertinent questions (14).
Next, scientific priorities should be compared
with the policy questions. Where there are serious
mismatches between scientific and political prior-
ities, programs should be reevaluated-not to
direct a basic science agenda, but to ensure that
key information needed for policy decisions from
many disciplines is available aongside the funda-
mental chemistry and modeling. The particular
disciplines, research methods, and instruments
that would be used to gather and analyze data
should flow from these priorities and should be
science-driven. Idedly, information needs of
decisionmakers will influence questions asked by
scientific researchers, and vice-versa. For exam-
ple, the communication between scientists and
policy makers may cause a change in key policy
questions, which in turn may redirect the research
program; “policy makers need to understand the
limitations of what science can determine, and
scientists must understand what the policy com-
munity really needs’ (42). This has proved
difficult in past research efforts, such as NAPAP's
(See box 3-C).

The following policy options generally fall
under three categories:

» Effectively broaden USGCRP by incorpo-
rating results of Federal research relevant
to but not currently under its purview.
USGCRP as currently constructed and imp-
lemented cannot do this. It could require
congressional or executive branch codifica
tion. There are several policy options di-
rected both at broadening USGCRP and at
ensuring that USGCRP and other programs
relevant to global change are connected (the

Figure 3-8-Alternative Organizational Schemes
for Global Change Research
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diagrams in fig. 3-8 show some possible
organizational schemes for building in some
of the missing components). The National
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Research Council has recommended the
creation of a National Environmental Coun-
cil in the Executive Office of the President
(37), and the National Commission on the
Environment (NCE) recommended the de-
velopment of a National Environmental Strat-
egy (34); either or both of these could
complement the options described below.

s Increase funding or redirect funding to
areas where research is inadequate. A
modest redirection of 1 to 5 percent of
current funding ($15 to $70 million) could
begin filling in the large gaps between the
current climate change program and a policy-
relevant global change program (15, 50).
Because the bulk of this OTA report focuses
on natural-resource-based systems and the
Nation’s potential to adapt to climate
change, we discuss coordinating existing
ecosystem research and initiating new efforts
that are critical to planning for and/or manag-
ing natural resources under climate change.
However, building strong socioeconomic
components of USGCRP is equally import-
ant.

s Make the program more relevant to policy
making by incorporating an assessment
function. Assessment and regular reevalua-
tion of USGCRP could be instrumental in
identifying the current information base on
climate change, gaps in knowledge, and
short- and long-term policy questions.

1 Effectively Broaden USGCRP

As currently structured, USGCRP is a collec-
tion of programs from several agencies with no
central management. Although research should
remain decentralized, coordination should be
centralized and top-down. The Subcommittee on
Globa Change Research under the Committee on
Earth and Environmental Sciences is currently
responsible for coordinating activities under the
Federal Coordinating Council for Science, Engi-
neering, and Technology. FCCSET acts largely as

a fulcrum for coordination, but agency participa-
tion in FCCSET projects is voluntary, and
FCCSET has no authority over how participating
agencies spend their funds. A previous OTA
report (48) looked broadly at the health of U.S.
research and development and concluded:

In the Executive Branch, Congress should insist,
at a minimum, on iterative planning that results
in: 8 making tradeoffs among research goals; and
b) applying (after scientific merit and program
relevance) other criteria to research decisionmak-
ing that reflects plarnning for the future. . . OSTP
[Office of Science and Technology Policy] could
initiate broader priority-setting.

Option 3-1: Amend the Science Policy Act of
1976 (PL. 94-282), which established the Office
of Science and Technology Policy and the Fed-
eral Coordinating Council on Science, Engineer-
ing, and Technology, to strengthen the ability of
these offices to coordinate science and ecosystem
management across agencies. OSTP was estab-
lished to " define coherent approaches for apply-
ing science and technology to critical and emerg-
ing national and international problems and for
promoting coordination of the scientific and
technological responsibilities and programs of
the Federal departments and agencies in the
resolution of such problems, ' and FCCSET was
established to “provide more effective planning
and administration of Federal scientific, engi-
neering, and technological programs’ (P.L. 94-
282). These offices have the authority to develop
and implement coherent, Government-wide sci-
ence policy and have been the mechanism for
coordinating several multiagency programs. How-
ever, OSTP has not always been an active or
influential player in the executive branch, and
FCCSET lacks the authority to set priorities,
direct policy, and fully participate in the budget
process (2, 21). The directions for environmental
research must be set—and responsibilities among
various Federal agencies must be coordinated-at
the executive level because environmental re-
search is of the highest national importance.
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About 20 Federal agencies have major responsi-
bilities related to the environment. In all instances
(except for EPA), concern for the environment is
not the primary role of the agency conducting the
environmental research (37). For example, DOE
supports much environmental research, but the
department’s primary responsibility is energy,
not the environment.

OSTP could be given budgetary authority,
perhaps in conjunction with the Office of Man-
agement and Budget, to guide agency programs
that contribute to science and technology. This
could mean reinstating “fencing,” or requiring
agencies to commit funds to USGCRP projects
(see footnote 12). These funds could not then be
redirected to meet OMB targets for other areas
within each agency.

A further step would be to create a National
Science and Technology Council to replace
FCCSET as proposed by Vice President Gore in
his National Performance Review (21). Under
this plan, agencies would clear their budgets with
the science council as well as with OMB.

Option 3-2: Establish a committee within
FCCSET to standardize the criteria for classify-
ing focused and contributing research to
USGCRP and to classify all government research
accordingly. Much research that could qualify as
““contributing’ to USGCRP may be ongoing
under another title (such as ‘‘Environmental
Biology;" see option 3-6 below). Likewise, more
“focused work” might occur in the agencies if
the USGCRP scope is broadened. A defined set of
criteriafor classifying research would be of great
value in identifying Federal research that is truly
pertinent to the global change problem and in
identifying critical gapsin research.

Option 3-3: Reassess program priorities. Re-
assess the order of priority given to the seven
science elements. Although the current structure
is producing good science, research results will
not be sufficient to provide the information
necessary to answer policy questions concerning
the impacts of climate change on the Nation’s
resources. To answer these questions, more em-

phasis needs to be directed toward the science
elements that address the ecological, socio eco-
nomic, adaptation, mitigation, and human aspects
of global change. Some of this can be done easily
within the current construct of USGCRP; some
may require additional programs outside the
USGCRP research structure.

Option 3-4: Make research on the human
dimensions of global change a primary element of
the program. A human-dimensions program would
look at the interface between human actions and
the natural environment. Humans alter the envi-
ronment through population growth, economic
growth, technological change, political and eco-
nomic ingtitutions, and attitudes and beliefs.
Human response to a changing environment will
depend on individual perceptions, markets, so-
ciocultural systems, organized responses at a
subnational level, national policies, international
cooperation, and global social change (35). These
elements of a human-environment interface will
directly influence adaptation responses to climate
change.

Option 3-5: Create an adaptation and mitiga-
tion research program (ARP) either within
USGCRP or separate but parallel to it. This
program should either have the authority to
influence project selection throughout USGCRP
or feed into a formal assessment process that
influences program direction. Congress must
decide whether an ARP should function as a
program separate from, but parallel, to USGCRP
or whether ARP should operate within USGCRP.
If ARP is created as a separate program, it should
have formal ties to USGCRP. If USGCRP sub-
sumes adaptation, the USGCRP mission would
have to change to make adaptation equal in
importance to the other three activity streams.

The mission of such a program must explicitly
state its management and policy orientation.
ARP’ s mission might be:

...to pursue research that will support public and
private decisionmaking on issues related to global
change if climate change occurs. At a minimum,
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research will include studies of the public and
private management of natural and managed
systems and of how to develop strategies to adapt
to the effects of climate change. Annually, the
program will assess the state-of-the-science, de-
velop Government policy and management op-
tions for responding to the potential for global
change (including programs that supply informa-
tion to private decisionmakers), and incorporate
these findings into new research directions. The
assessment, policy options, and new directions
for research will be reported to Congress in an
annual report presented along with the President’s
Budget Request,

The program must include a forma mechanism
for bridging the gap between science and policy;
specifically, integrated assessments need to be at
the center of any ARP structure. Congress should
consider mandating this in any enabling legisla-
tion in order to ensure that assessments are given
top priority.

Congress should consider several “rules of
thumb” in structuring the program:

= Management agencies should act as the lead
agencies.

« Goals for research must have problem-
oriented task descriptions and milestones
that are specific and easily measurable.

» Congress should consider retaining the “power
of advice and consent in the appointments
of the director and assistant directors of the
program.

Other mechanisms for ensuring policy relevance
could include requiring the program to make
periodic reports to Congress, and giving Congress
oversight and investigation authority.

If Congress chose to augment USGCRP, it
must recognize that the program has little ability
at present to target its programs to help public and
private decisionmaking. Given the structure of
USGCRP, management- and policy-relevant re-
search would be hard to initiate because the
process of setting priorities in USGCRP is
dominated by key agency personnel in conjunc-
tion with members of the national and interna-
tiona scientific community.

B Incorporate More Ecosystem
Research and Natural Resource Planning
Into USGCRP

Although an estimated $900 to $943 millionis
spent on what can be considered research in
environmenta life sciences (22) or environmental
biology, “there is currently very little ecological
research directed specifically at protecting natural
areas under climate change and helping land
managers modify management strategies to re-
spond to climate change.” Of the $943 million
that FCCSET estimates is spent on environmental
biology, only 11 percent was aso reported as
USGCRP program money.” A former working
group under FCCSET found that in 1992, only
$8 million was spent on research focused on
adaptation.  This number represents less than
0.8 percent of the USGCRP budget and less than
0.9 percent of the amount spent on environmental
biology research. A review of ecologica experi-
ments from 1980 to 1987 found that 50 percent of
al studies were done on very small scales--on
plots less than 3 feet in diameter; only 7 percent
lasted longer than 5 years. Large-scale and
long-term experiments are essential to respond to

26 J. Gosz, Executive Secretary, subcommittee on Environmental Biology, Committee on Life sciences and Health, Federal Coordinating
Council for Science, Engineering, and Technology, personal communication, Sept. 14, 1993.
27 pCCSET defines environmental biology as all areas Of biology dealing with the study of organisms and their interactions with their biotic

and abiotic environment (J. Gosz, personal communication, Sept. 14, 1993). Gramp et. al. (22) defiie environmental life sciences as processes
and interactions of living resources such as environmental biology, including ecology, forestry, biology, and marine biology.

28Gosz, op. cit., footnote 26.

29 The Working Group on Mitigation and Adaptation Strategies (disbanded in 1992) of the Committee on Earth and Environmental Sciences
of FCCSET identified Federal research that focuses on or contributes to adaptation to global change (6).



Chapter 3--Global Change Research in the Federal Government | 149

the challenges of global research (37). Yet,
research on large-scale ecosystem management,
structure, and function is necessary to protect
natural areas in the future, and it is not clear that
it is occurring under the auspices of * e environ-
mental biology’ or USGCRP.

USGCRP as currently designed will not pro-
vide either the practical technologies that might
allow us to be more prepared for climate change
or the ecological information that would be
helpful in providing policy guidance and adapta-
tion options for natural systems.

Option 3-6: Conduct a review of ecological
research within USGCRP and across Federal
agencies, evaluate how much long-term ecosystem-
level research relevant to climate change, bio-
diversity, and other long-term problems is under
way; and identify important gaps in ecological
research. A review of al research on ‘‘natural
resources’ has not yet been conducted across the
Federal agencies. Existing analyses suggest a
great deal of money is spent on research relevant
to the environment, but how much is useful to
understanding long-term ecological problems (such
as biodiversity and climate change) is not known.
There is currently no mechanism for consolidat-
ing results from disparate research efforts into
‘*general patterns and principles that advance the
science and are useful. for environmental deci-
sionmaking. Without such synthesis studies, it
will be impossible for ecology to become the
predictive science required by current and future
environmental problems’ (32).

In volume 2, chapter 5, of this report, we
highlight key gaps in our understanding of
ecosystems, such as. past climate changes and
corresponding species responses, restoration and
translocation ecology, the effectiveness of corri-
dors and buffer zones, the development of eco-
logical models, and the effect of elevated CO’on
assemblages of plants and animals.

Basic research in these areas is needed now to
determine how species might respond to climate
change and how best to provide for their protec-
tion in the future. Agencies could attempt to

redirect existing funds within USGCRP or pro-
cure new funds for addressing these basic eco-
logical research needs under the Ecological Sys-
tems and Dynamics research area. Alternatively,
NSF, whose mission is to support basic scientific
research, could take the lead in supporting these
research areas outside the auspices of USGCRP.
The new Nationa Biological Survey (see ch. 1
and val. 2, ch. 5) could also be an appropriate
vehicle to use in addressing some of the research
that directly relates to land-management issues.

An effort to characterize and synthesize ongo-
ing research could help bridge the gap between
basic research and natural resource planning.
Such a review could be conducted by OSTP,
NAS, or an independent commission.

Option 3-7: Make research on monitoring and
managing natural resources a key component of
a broadened global change research program.
One of the most prudent approaches to natural
area conservation under climate change is more
coordinated management on the ecosystem or
regional scale. This approach would also help
address threats to biodiversity and maximize
possihilities for species survival under climate
change. The land-management agencies should
receive increased funding--or existing funds
should be redirected-for research that would
directly address concerns of managing natural
resources under climate change. In particular, as
the National Research Council recommends (37),
“environmental research should advance the
social goals of protecting the environment for
present and future generations, restoring dam-
aged environments so that they are productive
once more, and managing our natural, economic,
cultural, and human resources in ways that
encourage the sustainable use of the environ-
ment.

Inventory and monitoring programs are usualy
the last to get funds and the first to be cut in a
budget crisis (36, 55); existing institutions are
poorly designed to support and strengthen them
(37). Many monitoring programs that have been
established in protected natural areas have been
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discontinued because of personnel changes, pol-
icy alterations, or budget cuts (55).”Baseline
information is needed on the status and trends of
vegetation cover, plant distributions, animal dis-
tributions, soils, and water resources to detect and
monitor climate-induced changes. All Federd
agencies conduct some type of inventory as a
matter of policy, but these efforts vary widely in
completeness and quality, are not consistently
implemented and funded, and are not coordinated
at the national or even agency level.

A concerted effort to connect, in a timely
manner, the information contained in inventories
to the resource-management and land-use-
planning processis vital. If these connections are
not adequately addressed, the gap between re-
search and management could increase, which
would be detrimental to DOI’s new National
Biological Survey.

B Incorporate Assessment and Oversight
Option 3-8: Amend the U.S. Global Change
Research Act of 1990 (P.L. 101-606) to require
periodic integrated assessment reports to be
presented to Congress and specify key partici-
pants in the assessment process. If such a
program is incorporated into USGCRP, it should
be positioned above the agency level. However,
because al of the elements necessary for an
integrated assessment are not found in USGCRP,
an assessment program would have to incorporate
information from outside the program and include
research that is not formally contained within
USGCRP but that contributes to it. An assessment
program should fund external and internal assess-
ment efforts. Because integrated assessments that
use computer models to knit together all aspects
pertinent to global change are not well-
developed, they should be used only as a guide to
steer program elements. To ensure policy rele-
vance, an assessment program must be given the

authority to influence program priorities and
project selection. Assessment teams must be
interdisciplinary. Documenting the state of scien-
tific knowledge is listed as the primary function
of the newly created Assessment Working Group;
however, the results of such a survey are highly
dependent on the questions being asked-what is
regarded as unknown or uncertain depends on
what one wants to know and the perspective and
background of the person or team carrying out the
assessment (24). To ensure commitment and
accountability to the assessment process, the
director of an assessment program could be
appointed with the advice and consent of Con-
gress.

Option 3-9: Create innovative congressional
involvement in USGCRP. USGCRP does not
function as an individual agency, and Congress
cannot expect to interact with the program in the
same manner it does with agencies. Congress
needs to create a forum where USGCRP can be
addressed as a whole before being broken down
into individual components that fit neatly into
authorization and appropriation jurisdictions. For
example, the Environmental and Energy Study
Institute could conduct an annual seminar for its
congressional members on the USGCRP budget,
or Congress could establish an ad hoc appropria-
tion committee consisting of members from each
committee and appropriations subcommittee with
jurisdiction over USGCRP to consider the pro-
gram’s budget as a whole.

Congress should conduct oversight of the
program as a whole. Because USGCRP is an
interagency program, it cannot be evaluated
effectively by Congress on an agency-by-agency
basis or through the activities of individual
committees working independently. Committees
with jurisdiction over USGCRP should coordi-
nate oversight of the program.

30 For example, in FY 1993, the Bureau of Land Management (BLM) eliminated 6 of its 16 acid rain stations to release about $30,000 fOr
other BLM activities. Several of the six stations had been in operation for 10 years and had been maintaining data seta to monitor the health
of forests and the effects of acid rain. Continuation of this long-term record was lost as aresult of these cuts.
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Status

» Despite “no-net-loss’ policy, wetland destruction and degrada-
tion continue.

« No single statute directly protects wetlands.

Climate Change Problem
» Climate change is likely to accelerate wetland loss.

What Is Most Vulnerable?

» Coastal wetlands (sealevel rise).

« Western depressional wetlands (midcontinent warming and
drying).

= Western riparian wetlands (midcontinent warming and drying).

= Tundra (largest warming at high latitudes).

Impediments

« Absence of clearly stated national policy for protecting wetlands.

= Different authorities and goals scattered across numerous Federal,
State agencies.

» Federa policies have often failed to disco