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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, major 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, social, and economic models are similarly
limited and cannot adequately predict the responses to climate 1
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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 is not 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 (CO2),
the most important anthropogenic greenhouse
gas, below current levels is plausible. OTA’s
1991 report, Changing by Degrees: Steps to
Reduce Greenhouse Gases, concluded that by
adopting a package of low-cost measures, the
United States could significantly slow the growth
of its CO2 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 CO2 emissions
to 35 percent below today’s levels by 2015. Even
in this case, U.S. emissions of C02 are expected
to rise again after 2015 unless there are successful
programs for developing alternatives 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 scale.

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 still 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 CO2 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 C02 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).1

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

1 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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altered conditions; it can be a biological, techni-
cal, institutional, 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,
(plannin g, 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 legislative 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 potentially costly future
outcomes. In fact, delay in responding may
leave the Nation poorly prepared to deal 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 also 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-
sional 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
systems vary?

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?

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.

Yet, 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)2 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 gradual 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.

Ideally, 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 Federal
Government launched a massive, multiagency
research effort in 1989 to monitor, understand,

2 cosm’s Im r~~ ajo~ publi~tion  of the National Academy of Scies.m?s,  the National ACdemy of h@mXr@, and the hE@UtC
of Medicrne,  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 cesmu-y
should be time enough to allow most major technological systems (and some natural systems) to be tmnsformed  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, l-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 a life 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 Federal 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 natural 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 less-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 methodological 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 disasters is increasing. 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 all 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
quantity will remain key to the economy. Future
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Box l-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 II of the lntergovernmental Panel on Climate Change (IPCC) focused on potential impacts from climate
change worldwide (67).

The Sensitivity and Adaptability of
Human Activities and Nature

Human activity
and nature

Industry and energy
Heatth
Farming
Managed forests
and grasslands
Water resources
Tourism and
recreation
Settlement and
coastal structures
Human migration
Political tranquility
Natural landscapes
Marine ecosystems

Sensitive;
adaptation Sensitive;

Low at some adaptation
sensitivity cost problematic

SOURCE: Redrawn from Committee on Science, Engineering,
and Public Policy, Panel on Policy Implications of Greenhouse
Warming, National Academy of Sciences, National Academy of
Engineering, and Institute for Medicine, Policy Implications of
Greenhouse Warming: Mitigation, Adaptation, and the
Science Base (Washington, DC: National Academy Press,
1992).

COSEPUP divided human activities and natu-
ral systems into three classes of sensitivity and
adaptability to climate change: 1)low sensitivity,
2) sensitive but can adapt at a cost, and
3) sensitive with problematic adjustment or
adaptation (see table). The report concluded that
industry decisionmaking horizons and building
schedules are shorter than the time frame within
which most climatic changes would emerge, so
most industries could be expected to adapt as
climate shifts. COSEPUP listed human migration
and water resources as “sensitive to climate
change,” but adaptable “at some cost.” Finally, it
suggested that unmanaged natural ecosystems
respond relatively slowly and that their ability to
adapt to climate change is more questionable
and “problematic” than that of managed cropland
or timberland. The EPA report concluded that
natural ecosystems have only limited ability to
adapt if the climate changes rapidly and sug-
gested that “managed systems may show more
resilience.”

The Office of Technology Assessment (OTA)
analysis began with the EPA, COSEPUP, and
IPCC reports and related literature, but it goes
beyond them In several important ways. CO-
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 Ievel 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 l-l).

THE PROBLEM OF CLIMATE CHANGE
Climate change alters 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 reservoirs, 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 deal 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 Federal
Government about $1.6 billion. Hurricane
Andrew topped $2 billion in Federal disaster
payments, and many complained about the Govern-
ment’s response.3 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 Adminis     tration programs, lost tax revenue, and the costs of emergency services.
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Table 1 -l—List of Boxes in Reporta

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 l-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 CO2 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 the Rio 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 — Irrigated 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

9 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 —
Box 4-B —
Box 4-C —
BOX 4-D —
Box 4-E —
Box 4-F —
Box 4-G —
Box 4-H —
Box 4-I —

Chapter 5 —
BOX 5-A —
BOX 5-B —
Box 5-C —
BOX 5-D —
BOX 5-E —
Box 5-F —
60X 5-G —
BOX 5-H —
Box 5-1 —
BOX 5-J —
BOX 5-K —
BOX 5-L —
BOX 5-M —

Chapter 6 —
Box 6-A —
Box 6-B —
BOX 6-C —
Box 6-D —
Box 6-E —
Box 6-F —
Box 6-G —
Box 6-H —

Wetland Restoration and Mitigation. Maintaining Wetland Functions and Values, p.154
How Wet Is A Wetland? The Debate Over Which Wetlands to Regulate, p 157
Wetland Types and Distribution, p 160
Why Care About Wetlands?, p.162
Is a Wetland a Place or a Process?, p 166
Louisiana and Sea Level Rise: A Preview of What’s to Come?, p.173
How Will Climate Change Affect Wetlands?, p 175
Will Climate Change Increase Conflicts Over Riparian Wetlands in the Arid West?, p.178
The Wetlands Policy Space, p 189

Preserves: Federally Protected Natural Areas
Climate Change and Management Philosophies for Natural Area Management, p 221
The Strategic Dilemma for Protecting Natural Areas Under Climate Change, p.223
Federally Protected Natural Areas The Legislative Framework, p.228
Implicatlons for Endangered Species Conservation Under a Changing Climate, p 235
Landscape Fragmentation Islands of Nature in a Sea of Human Activity, p.241
Some Innovative Management Models Toward Ecosystem Management in Natural Areas, p.244
Competition for Water: The Case of the Stillwater National Wildlife Management Area, p.252
Water and Natural Areas Under Climate Change, p.255
The Yellowstone Fires of 1988 Harbinger of Climate Change and Fire Management Conflicts, p 262
Possible Funding Sources for Conservation Programs, p 265
The Sustainable Biosphere Initiative Articulating an Ecological Research Agenda for Global Change, p 269
Buliding Blocks for Integrated Information Systems, p 270
Restoration Ecology Giving Nature a Helping Hand Under Climate Change, p 276

Forests
Major Forest Types of the United States, p 306
Forests and Carbon Sequestration, p 310
Major Federal Laws Related to Forest Management, p 312
Southern Bottomland Hardwoods” Converting Wetland Forests to Agriculture, p.316
The Blue Mountains: Forest Decline and Climate Change, p.318
Current Weather-Related Stresses on Selected Forests, p 324
Private Property and Fire Risk, p 329
Public Grazing Lands Management Dilemmas, p.334

a 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,
especially 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 vol. 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 vol. 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 natural
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 natural 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 4 to 5 OF (2 to
3o C)4 range from 0.3 to 2.0 percent of the gross
national product (GNP) (22, 23)---corresponding
to tens of billions of dollars per year. Box 1-B
highlights a broad range of climate impacts that
could be caused by climate: change.

2

Although it is desirable
change, the uncertainties

to anticipate climate
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.

I 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-
quency and intensity of extreme events will
change. It is likely 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 a doubling of COZ 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 deeades  later.
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Figure l-l—Potential Soil-Moisture Changes Under Two GCM Climate Change Scenarios
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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).

Figure 1-2-Soil-Moisture Changes for Agricultural
Lands and Areas of Natural Cover,
by GCM Climate Change Scenario

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 CO2 will change the
rates at which plants grow, respire, use water, and
set seeds. Numerous laboratory experiments on
intensively managed agricultural systems suggest
that CO2 will boost plant growth and productivity
as long as other nutrients are plentiful (6, 39,81);
this is called the CO2 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 regional 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 animals to
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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 land area
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 Systems1

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. l-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.2 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 Iarge-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),3 not including land-acquisition costs.4

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, recent research, 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.
4 D. King, Chesapeake Biological Laboratory, University of Maryland, personal 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
l-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 Iittle 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 (l). 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 l 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 a great 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 concludedthat 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 mosqitoes, changes, enhanced pest-control measures could
nullify the increased threat of disease. Effects of climate change in 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
capacity-needed to population and

in
economic 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 a longer shipping season. For example, ice cover on the Great Lakes could be reduced by
5 to 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 Ability to Adapt
uncertain. Historically, trees can disperse and
migrate about 60 miles (100 kilometers)5 per
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
soils in areas of suitable climate.

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

5 To convert miles to kilometers, multiply by 1.609,
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Box l-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 Migration of vegetation.
Reduction in inhabited range.
Altered ecosystem composition.

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

Coastal wetlands Inundation of wetlands.
Migration of wetlands.

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

Coastal resources

Water resources

Agriculture

Human health

Energy

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,

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

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
1992

react quickly and efficiently to trends deemed CHOOSING ADAPTATION STRATEGIES
outside the range of normal, or will they assume
that conditions-will return to historic norms? Will How should decisionmakers incorporate the

people overreact to periodic climate extremes uncertainties posed by a changing climate into

that do not actually signal a substantial change in long-term plans for resource systems? What can

the underlying climate? Responses to recent be done to minimize vulnerability to climate

extreme events, such as the Mississippi River change? Uncertainty makes acting now difficult,

flooding in the summer of 1993, may provide an but it also makes preparing for a wide range and

interesting lesson. 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 also
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.

I 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
(see vol. 1, boxes 5-G, 5-H, 5-I, 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
all help smooth the path of adaptation (see vol. 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 legislative 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.

ti Enhancing Robustness
Policies can also 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 several 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 is to put a
variety of mechanisms in 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).
Plannin g and management measures that avert
trends that make adaptation more difficult in the
future are also 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 reality, 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 also 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
institutional 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 vol. 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 this regard, 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), sea level 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 several broad themes, or problems.
Four particular themes were found to be shared by
several or all of the sectors:

■ geographic and institutional fragmentation,
W inadequate communication of climate risk,

H 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.

H Fragmentation
A key problem in natural 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:
Identifying 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”)”)
Protecting highly valued forest sites. (Vol. 2, option 6-4--’’Forests.”)
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:
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.”)
Reforming pricing in Federal water projects. (Vol. 1, option 5-5--’’Water.”)
Defining disasters formally, with assistance provided only for unusual losses. (Vol. 1, option 6-3--’’Agriculture.”)
improving participation in the crop-insurance program. (Vol. 1, option 6-5-’’Agricuitur”)”)
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 a long 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:
■     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 into forest plans and assessments, (Vol. 2, option 6-11--"Forests.”)
■ 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.”)
■ 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 the risk
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.")
■ 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.n)
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
set up 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   forest  seed banks and genetics research programs. (Vol. 2, option 6-1--”Forests.”)

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.

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

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,option

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.”)

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 sheds, for example, for dozens of Federal, State,
withstand future stresses such as climate change.
Managing smaller areas as individual parcels in
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 a lack of coordination in
management across government agencies. It is
not uncommon in even relatively small water-

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, although 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 overall
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 vol. 1,
box 5-B).

More effective management for coping with
current and potential future stresses on natural
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 vol.
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 a landscape. 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
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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.

I 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 financial risks from climate extremes. Such
programs have been valuable in allowing 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 alter
practices until they are convinced climate has
actually changed. The potential 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.

9 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.
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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 vol. 1, chs. 4 and 5 and box 4-C;
vol. 2, box 5-I). 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 potentially
greater damages caused by climate change.

States have a key role in plannin g 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 has a role in
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-
sial; it allows 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.

9 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. Overall, 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 vol. 2, box 5-K).

Although an estimated $900 million is spent
annually on what can be considered research in
‘‘environmental life sciences’ (54) or ‘‘environ-
mental biology,”6 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. ~5z, ~wutive swm~, su~mfittw on ~wirorlmenti  Biology, Committee on Life Scienees  md Hw.W Fede~ coordiKMtins

Council for Scienee,  Engineering, and ‘IWmology,  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 international crossroads.

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)1 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 water that
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 that reaches 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 Iost 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 fIood-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
together 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 some understanding 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
Everglades and Endangered Species(New York: National Audubon

Society, Report of the Advisory Panel on the 
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 or the ecological information that would be
was spent on research focused on adaptation to helpful in providing policy guidance and adapta-
climate change.7

tion options for natural systems. Overall,

The U.S. Global Change Research Program USGCRP is more focused on understanding the

(USGCRP) is a $1.4 billion research program. causes for and rates of climate change8 than on
However, as currently designed, it will not examining the ecological and human impacts of
provide either the practical technologies that change (see ch. 3 for a more complete explanation
might make us more prepared for climate change of USGCRP). The agencies primarily responsible

7 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).

8 USGCRP 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, a fourth activity stream, assessment, was added.
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Box l-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)1 of rich farmland. The marshland
was converted to a mosaic of over 70 islands by building over 1,100 miles (1 ,800 kilometers)2 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 Iocal 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.” A/though
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 in runoff 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. A/though California’s total
water budget might remain the same, less would be available during the summer, when water demand is highest
The reduced 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 centimeters)3 by 2100. Such a rise 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 Delta islands 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.

If the above impacts occur (Or worse, if California’s water budget actuallydecreases), 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.

3 To convert inches to centimeters, multiply by 2.540.

SOURCE: Office of Technology Assessment, 1993.
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Box l-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.1 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)2 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, 3 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 pintail,
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.

2 TO 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 Iack 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.

“LOOKS LIKE A DISASTER RELIEF CHECK, CROP LOSS COMPENSATION,AND  A FINE FOR DISTURBING A WET LAND.”
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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 especially 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 plannin g 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. Several
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
congressional 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 realities 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 opportunities lie.

I 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 also the
means by which Congress makes major 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 evaluation of the agen-
cies’ preparedness to cope with a range of
climate futures. The appropriation process may
also be especially 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 several future climate scenarios. In this way, a
budget-conscious Congress can better inform
itself early on about the potential costs of climate
change for those programs.

# Reauthorization Cycle
In addition to the annual appropriation cycle,

congressional action is heavily influenced by the

reauthorization cycles of major 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 Federal 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 vol. 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 vol. 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-
ally, 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 vol. 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 Federal expenditures on disas-
ter assistance and farm commodity programs (see
vol. 1, ch. 6).

I New Targets of Opportunity
In addition to the reauthorization of existing

laws, Congress regularly considers altogether
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 (see vol. 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 Biological 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 institution in ways that
would be useful to the management of natural
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 ability 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 details in the design
of a National Biological Survey could yield major
returns in the future (see vol. 2, ch. 5).

~ 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 sea level 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 natural
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-
cially 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 looks
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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 vol. 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,
vol. 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. As this 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. 9 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 projects is 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 sea level 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 scientiilc  and technological responsibilities and programs of the Federal
departmats  and agencies in the resolution of such problems,” and FCCSET wm established to ‘‘provide more effective planning and
administration of Federal scientiilc, enginmring, and technological 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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Although development pressures in coastal
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 allocating
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 essential
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 adequate 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
climate is likely 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 general 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 several 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 risks in
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. Several 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 Federal Government.
This could be accomplished by more strongly
tying disaster assistance to adoption of
mitigation measures. H.R. 935, the “Earth-
quake, Volcanic Eruption, and Hurricane
Hazards Insurance Act of 1993, ” for exam-
ple, would establish minimum criteria for
reducing losses, recommends such measures
as fiscal incentives to reduce losses, provides
for low-interest loans or grants to retrofit
facilities vulnerable to hurricanes, and pro-
vides guidelines for establishing actuarial
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 Coastal 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 Federal Emergency
Management Agency.

■ Promote public education. The public gen-
erally 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 local 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.

I 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 vol. 1, ch. 5). Human demands for
water are increasingly in conflict with the needs
of natural ecosystems, and this has led to signifi-
cant water-quality and water-quantity problems
(see vol. 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 already 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 challenge 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 already
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)
(see vol. 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 national
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
adequate attention is given to protecting
all 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 Federal
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 allocation 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.

# 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. Agricultural
productivity is likely to be affected worldwide,
which would lead to alterations 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, already 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
severe local 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-I). 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 availability 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.

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 a flurry 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.–––––-—a 7
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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.

I 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 States is
currently covered by wetlands (see vol. 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 a result, 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 statute is
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 decisionmaking are 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 alteration of
wetlands.

Climate change is likely to accelerate the loss
of wetlands, especially 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 altered 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 allow 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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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. Direct Federal agencies to develop and
implement uniform regional 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 all Federal policies and incen-
tives are consistent with wetland protec-
tion. Congress could ensure that all Federal
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).

I 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-especially 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 originally 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
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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
overall 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 l-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)1 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 Iive 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 Iife 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 oil and gas
exploration or development. Two of the largest oil fields in North America (Prudhoe Bay and Kuparuk fields) are
located 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 billion kilograms)2 of 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 (C02) 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, Iittle 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 sea ice. A recent study of
climate change effects on the Canadian Beaufort Sea determined that, based on a doubling of atmospheric CO2,
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 kilometers)4 to 300-500 miles, and maximum ice thickness could decrease

1 TO convert acres to hectares, multiply by 0.405.
2 TO convert 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 AIaskan 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 (CH4) and CO2 into
the atmosphere and contribute to accelerated warming (67).5 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 2oF (1 oC) 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 biggest 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. 6

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 C02 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 this traffic.

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, moose,musk-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 a changing 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 the industry 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 factors that make natural areas valuable: charac-
place to go (34).

Natural areas in the West are currently much
larger and much less fragmented than they are in
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

ter, species protection, and environmental serv-
ices. The ideal response to this challenge might be
some combination of three general 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 Federal
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 ecological 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 CO2

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 ecological 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
efforts into ‘‘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 already 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.

H 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 ecosystems in
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.

1 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 miles to the north (see fig.
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
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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 is increased (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 lost if climate
change proves to be as serious a threat to forests
as some believe it will be.

The Federal 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 goal, 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 also
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 already 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 Federal Gover-
nment controls only about one-quarter of the
Nation’s forestland. In the East especially,
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


