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Climate variables are key determinants of geographic distributions and biophysical
characteristics of ecosystems, communities, and species. Climate change is therefore
having profound effects on species attributes, ecological interactions, and ecosystem
processes. Because changes in the climate system will continue into the future regardless
of emissions mitigation, strategies for protecting climate-sensitive ecosystems through
management will be increasingly important. While there will always be uncertainties
associated with the future path of climate change, the response of ecosystems to climate
impacts, and the effects of management, it is both possible and essential for adaptation to
proceed using the best available science.

This report provides a preliminary review of adaptation options for climate-sensitive
ecosystems and resources in the United States. The term “adaptation” in this document
refers to adjustments in human social systems (e.g., management) in response to climate
stimuli and their effects. Since management always occurs in the context of desired
ecosystem conditions or natural resource management goals, it is instructive to examine
particular goals and processes used by different organizations to fulfill their objectives.
Such an examination allows for discussion of specific adaptation options as well as
potential barriers and opportunities for implementation. Using this approach, this report
presents a series of chapters on the following selected management systems: National
Forests, National Parks, National Wildlife Refuges, Wild and Scenic Rivers, National
Estuaries, and Marine Protected Areas. The information drawn from across these chapters
is then analyzed to develop the key synthetic messages presented below.

Many existing best management practices for “traditional’ stressors of concern have the
added benefit of ameliorating climate change exacerbations of those stressors.

Changes in temperature, precipitation, sea level, and other climate-related factors can
often exacerbate problems that are already of concern to managers. For example,
increased intensity of precipitation events can further increase delivery of non-point
source pollution and sediments to rivers, estuaries, and coasts. Fortunately, many
management practices that exist to address such “traditional” stressors can also address
climate change impacts. One such practice with multiple benefits is the construction of
riparian buffer strips that (1) manage pollution loadings from agricultural lands into rivers
today and (2) establish protective barriers against increases in both pollution and
sediment loadings due to climate changes in the future. While multiple benefits may
result from continuing with today’s best practices, key adjustments in their application
across space and time may be needed to ensure their continued effectiveness in light of
climate change.

Seven ““‘adaptation approaches” can be used for strategic adjustment of best management
practices to maximize ecosystem resilience to climate change.

As defined in this report, the goal of adaptation is to reduce the risk of adverse
environmental outcomes through activities that increase the resilience of ecological
systems to climate change. Here, resilience refers to the amount of change or disturbance
that a system can absorb without undergoing a fundamental shift to a different set of
processes and structures. Managers’ past experiences with unpredictable and extreme
events have already led to some existing approaches that can be adjusted for use in
adapting to longer-term climate change. The specific “adaptation approaches” described
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below are derived from discussions of existing (and new) management practices to
maintain or increase ecosystem resilience, drawn from across the chapters of this report.

e Protecting key ecosystem features involves focusing management protections
on structural characteristics, organisms, or areas that represent important
“underpinnings” or “keystones” of the overall system.

e Reducing anthropogenic stresses is the approach of minimizing localized
human stressors (e.g., pollution, fragmentation) that hinder the ability of species
or ecosystems to withstand climatic events.

o Representation refers to protecting a portfolio of variant forms of a species or
ecosystem so that, regardless of the climatic changes that occur, there will be
areas that survive and provide a source for recovery.

« Replication centers on maintaining more than one example of each ecosystem or
population within a management system, such that if one area is affected by a
disturbance, replicates in another area provide insurance against extinction and a
source for recolonization of affected areas.

e Restoration is the practice of rehabilitating ecosystems that have been lost or
compromised.

o Refugia are areas that are less affected by climate change than other areas and can
be used as sources of “seed” for recovery or as destinations for climate-sensitive
migrants.

o Relocation refers to human-facilitated transplantation of organisms from one
location to another in order to bypass a barrier (e.g., urban area).

Each of these adaptation approaches ultimately contributes to resilience, whether at the
scale of individual protected area units, or at the scale of regional/national systems. Once
an approach has been selected, the choice, location, timing, and focus of the specific
management activity should be based on considerations such as the ecosystem
management goal, type and degree of climate effect, type and magnitude of ecosystem
response, spatial and temporal scales of ecological and management responses, and
confidence in the adaptation approach.

Levels of confidence in these adaptation approaches vary and are difficult to assess, yet
are essential to consider in adaptation planning.

Due to uncertainties associated with climate change projections as well as uncertainties in
species and ecosystem responses, there is also uncertainty as to how effective the
different adaptation approaches listed above will be at supporting resilience. It is
therefore important to assess the confidence within the expert community that these
approaches will support a degree of resilience that may allow ecosystems to persist
without major losses of ecosystem processes or functions. Using one of the
methodologies presented in the Intergovernmental Panel on Climate Change’s guidelines®
for estimating uncertainties, the authors of this report developed their confidence
estimates by considering two separate but related elements of confidence. The first
element is the amount of available evidence (high or low) to support the determination
that the effectiveness of a given adaptation approach is well-studied and understood.
Evidence might consist of any of the following sources: peer-reviewed and gray

! Guidance on uncertainty from the IPCC Fourth Assessment, 2007
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literature, data and observations, model results, and the authors’ own experience with
each adaptation approach. The second element is the level of agreement or consensus
throughout the scientific community about the different lines of evidence on the
effectiveness of the adaptation approach.

The resulting confidence estimates vary, both across approaches and across management
systems. Reducing anthropogenic stresses is the one approach for which there is
considerable scientific confidence in its ability to promote resilience for virtually any
situation. Confidence in the other approaches—including protecting key ecosystem
features, representation, replication, restoration, identifying refuges, and especially
relocation—is much more variable. Despite this variability, many of the individual
adaptation options under these approaches may still be effective. In these cases, a more
detailed assessment of confidence for individual adaptation options is needed, based on a
clearer understanding of how the ecosystem in question functions, the extent and type of
climate change that will occur there, the resulting ecosystem impacts, and the projected
ecosystem response to the adaptation option.

One method for integrating confidence estimates into resource management given
uncertainty is adaptive management. Adaptive management is a process that promotes
flexible decision-making so that adjustments are made in decisions as outcomes from
management actions and other events are better understood. This method supports
managers in taking action today using the best available information while also providing
the possibility of ongoing future refinements through an iterative learning process.

The success of adaptation strategies may depend on recognition of potential barriers to
implementation and creation of opportunities for partnerships and leveraging.

In many cases, perceived barriers associated with legal or social constraints, restrictive
management procedures, limitations on human and financial capital, and gaps in
information may be converted into opportunities. For example, there may be a possibility
to address difficulties associated with information or capacity shortages through
leveraging of human capital. Existing staff could receive training on addressing climate
change issues within the context of their current job descriptions and management
frameworks, but a critical requirement for success of this activity would be to ensure that
employees feel both valued as “climate adaptation specialists” and empowered by their
institutions to develop and implement innovative adaptive management approaches that
might be perceived as “risky.” As a second example, partnerships among managers,
scientists, and educators can go a long way toward efficiently closing information gaps.
With good communication and coordination, scientists can target their research to better
inform management challenges, resource managers can share data and better design
monitoring to test scientific hypotheses, and outreach specialists can better engage the
public in understanding and supporting adaptation activities. Two additional categories of
opportunities that are especially promising are highlighted below.

The Nation’s adaptive capacity can be increased through expanded collaborations
among ecosystem managers.

When managers seize opportunities to link with other managers to coordinate adaptation
planning, they are able to broaden the spatial and ecological scope of potential adaptation
options with a shared vision for increasing adaptive capacity. For example, many
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management units are nested within or adjacent to other systems. Collaboration across
systems allows individual units to be, in effect, extended beyond their official boundaries
to encompass entire ecosystems or regions; the result is a larger array of options for
responding to future climate change impacts. Collaboration may also enhance research
capacity and offer opportunities to share data, models, and experiences. In addition to
overcoming limiting factors such as inadequate resources and mismatches of
management unit size with ecosystem extent, collaborations may also be used to create
flexible boundaries that follow unanticipated changes in ecosystems or species in
response to climate change. Exercising opportunities for collaboration has the advantage
of reducing uncertainties associated with attaining management goals under climate
change because (1) the increase in the geographic range over which resources can be
managed and the associated increase in available adaptation options makes success more
likely, and (2) the increase in the resource base, in research capabilities, and in the size of
data sets through data sharing and coordinated monitoring reduces statistical uncertainties
and increases the probability of success.

The Nation’s adaptive capacity can be increased through creative re-examination of
program goals and authorities.

Anticipated climate-induced changes in ecosystems and species and the uncertain nature
of some of those changes will necessitate dynamic management systems that can
accommodate and address such changes. Existing management authorities may be
malleable enough to allow for changing conditions and dynamic responses, and with
creative re-examination of those authorities their full capabilities could be applied. For
example, federal land and water managers may be able to strategically apply traditional
legislative authorities in non-traditional ways to coordinate management outside of
jurisdictional boundaries. Similarly, while management policies can sometimes be
limiting, the iterative nature of management planning may allow priorities and plans to be
revisited on a cyclical basis to allow for periodic adjustments. Greater agility in program
planning can increase the probability of meeting management goals by overcoming
implementation barriers associated with narrowly defined and interpreted authorities.

Establishing current baselines, identifying thresholds, and monitoring for changes will be
essential elements of any adaptation approach.

Climate changes may cause ecological thresholds to be exceeded, leading to abrupt shifts
in the structure of ecosystems. Threshold changes in ecosystems have profound
implications for management because such changes may be unexpected, large, and
difficult to reverse. If these ecosystems cannot then be restored, actions to increase their
resilience will no longer be viable. Understanding where thresholds have been exceeded
in the past and where they may be exceeded in the future allows managers to plan
accordingly and avoid tipping points where possible. Activities taken to prevent threshold
changes include establishing current baseline conditions, modeling a range of possible
climate changes and system responses, monitoring to identify relevant ecological
changes, and responding by implementing adaptation actions at appropriate scales and
times. Baselines capture the current set of conditions for the ecological attributes or
processes that are critical for maintaining that system and the current set of ecosystem
services that the public has come to expect from that system. Developing a range of
quantitative or qualitative visions of the future (scenarios) and planning adaptation
responses for that range provide an approach for addressing the large uncertainties
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associated with any single projection of the future. Sensitivity analyses for any given
scenario explore key attributes of the system and their response to systematic changes in
the climate drivers. Such analyses may allow managers to identify thresholds beyond
which key management goals may become unattainable. Directed monitoring then
supports managers’ ability to detect changes in baseline conditions, informs on the timing
of adaptation actions, and helps managers evaluate the effectiveness of their actions. With
such information, a program that has the authority to, for example, acquire land interests
and water rights to restore a river to its historic flows would better be able to determine
how, when, and where to use this authority.

Beyond ““managing for resilience,” the Nation’s capability to adapt will ultimately
depend on our ability to be flexible in setting priorities and “managing for change.”
Prioritizing actions and balancing competing management objectives at all scales of
decision making is essential, especially in the midst of shifting budgets and rapidly
changing ecosystems. Using a systematic framework for priority setting would help
managers catalog information, design strategies, allocate resources, evaluate progress,
and inform the public. This priority-setting could happen in an ongoing way to address
changing ecological conditions and make use of new information. Over time, our ability
to “manage for resilience” of current systems in the face of climate change will be limited
as temperature thresholds are exceeded and climate impacts become severe and
irreversible. At this point, it will be necessary to “manage for change,” with a re-
examination of priorities and a shift to adaptation options that incorporate information on
projected ecosystem changes. Both “managing for resilience” and “managing for change”
require more observation and experimentation to fill knowledge gaps on how to adapt to
climate change. This report presents a preliminary review of existing adaptation
knowledge to support managers in taking immediate actions to meet their management
goals in the context of climate change. However, this is only a first step in better
understanding this burgeoning area of research in adaptation science and management. It
will be necessary to continuously refine and add to this body of knowledge in order to
meet the challenge of preserving the Nation’s lands and waters in a rapidly changing
world.
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Strategies for protecting climate-sensitive ecosystems will be increasingly important for
management, because impacts resulting from a changing climate system are already
evident and will persist into the future regardless of emissions mitigation. Climate is a
dominant factor influencing the distributions, structures, functions, and services of
ecosystems. Changes in climate can interact with other environmental changes to affect
biodiversity and the future condition of ecosystems (e.g., McCarty, 2001; IPCC, 2001;
Parmesan and Yohe, 2003). The extent to which ecosystem condition may be affected
will depend on the amount of climate change, the degree of sensitivity of the ecosystem
to the climate change, and the availability of adaptation options for effective management
responses. This Synthesis and Assessment Product (SAP), SAP 4.4, is charged with
reviewing adaptation options for ecosystems that are likely to be sensitive to continuing
changes in climate. SAP 4.4 is one of 21 SAPs commissioned by the U.S. government’s
Climate Change Science Program, seven of which examine the sensitivity and
adaptability of different natural and managed ecosystems and human systems to climate
and related global changes.

Adaptation is defined as an adjustment in natural or human systems to a new or changing
environment. Adaptation to climate change refers to adjustment in natural or human
systems in response to actual or expected climatic stimuli or their effects, which
moderates harm or exploits beneficial opportunities (IPCC, 2001). In biological
disciplines, adaptation refers to the process of genetic change within a population due to
natural selection, whereby the average state of a character becomes better suited to some
feature of the environment (Groom, Meffe, and Carroll, 2006). This type of adaptation,
also referred to as autonomous adaptation (IPCC, 2001), is a reactive biological response
to climate stimuli and does not involve intervention by society. Planned adaptation, on
the other hand, refers to strategies adopted by society to manage systems based on an
awareness that conditions are about to change or have changed, such that action is
required to meet management goals (adapted from IPCC, 2001). This report focuses on
the latter form of adaptation, with all subsequent uses of the term “adaptation” referring
to strategies for management of ecosystems in the context of climate variability and
change.

The purpose of adaptation strategies is to reduce the risk of adverse outcomes through
activities that increase the resilience of ecological systems to climate change stressors
(Scheffer et al., 2001; Turner, Il et al., 2003; Tompkins and Adger, 2004). A stressor is
defined as any physical, chemical, or biological entity that can induce an adverse
response (U.S. Environmental Protection Agency, 2000). Resilience refers to the amount
of change or disturbance that can be absorbed by a system before the system is redefined
by a different set of processes and structures (Holling, 1973; Gunderson, 2000; Bennett,
Cumming, and Peterson, 2005). Potential adverse outcomes of climate change may vary
for different ecosystems, depending on their sensitivity to climate stressors and their
intrinsic resilience to climate change. The “effectiveness” of an adaptation option that is
designed to boost ecosystem resilience will thus be case-dependent, and can be measured
only against a desired ecosystem condition or natural resource management goal. This
report evaluates the effectiveness of potential adaptation options for supporting natural
resource management goals.

Adaptation options for enhancing ecosystem resilience include changes in management
processes, practices, or structures to reduce anticipated damages or enhance beneficial
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responses associated with climate variability and change. In some cases, opportunities for
adaptation offer stakeholders outcomes with multiple benefits, such as the addition of
riparian buffer strips that (1) manage pollution loadings from agricultural land into rivers
designated as “wild and scenic” today and (2) establish a protective barrier to increases in
both pollution and sediment loadings associated with future climate change. Where there
are multiple benefits to implementing specific adaptation options, this report seeks to
identify those benefits.

A range of adaptation options may be possible for many ecosystems, but a lack of
information or resources may impede successful implementation. In some cases,
managers may not have the knowledge or information available to address climate
change impacts. In other instances, managers may understand the issues and have the
relevant information but lack resources to implement adaptation options. Furthermore,
even with improvement in the knowledge and communication of available and emerging
adaptation strategies, the feasibility and effectiveness of adaptation will depend on the
adaptive capacity of the ecological system or social entity. Adaptive capacity is defined
as the potential or ability of a system, region, or community to counteract, adjust for, or
take advantage of the effects of climate change (IPCC, 2001). Depending on the
management goals, there may be biological, physical, economic, social, cultural,
institutional, or technological conditions that enhance or hinder adaptation. To the extent
possible, this report will address those factors that affect managers’ ability to implement
adaptation options.

2.1 Goal and Audience

The goal of SAP 4.4 is to provide useful information on the state of knowledge regarding
adaptation options for key, representative ecosystems and resources that may be sensitive
to climate variability and change. To provide such useful information, it is necessary to
examine adaptation options in the context of a desired ecosystem condition or natural
resource management goal. Therefore, this report explores potential adaptation options
for supporting natural resource management goals in the context of management systems
such as the National Park System or the National Wildlife Refuge System. Management
systems such as these provide a framework of processes and procedures used to ensure
that an organization’s objectives are fulfilled.

Specifically, this report supports the stated goal by providing information on (1) the
implications of the combined effects of climate changes and non-climate stressors on our
ability to achieve specific resource management goals; (2) existing management options
as well as new adaptation approaches that reduce the risk of negative outcomes; and (3)
opportunities and barriers that affect successful implementation of management strategies
to address climate change impacts. Through the provision of this information, the desired
outcome of this report is an enhanced adaptive capacity to respond to future changes in
climate.

The primary intended audience of this report is resource and ecosystem managers at
federal, state, and local levels; tribes, nongovernmental organizations, and others
involved in protected area management decisions. Additional audiences include
scientists, engineers, and other technical specialists who will be able to use the
information provided to set priorities for future research and to identify decision-support
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needs and opportunities. This information also may support tribes and government
agencies at federal, state, and local levels in the development of policy decisions that
promote adaptation and increase society’s adaptive capacity for management of
ecosystems and species within protected areas.

2.2 Stakeholder Interactions

Stakeholder interactions play a key role in maximizing the relevance, usefulness, and
credibility of assessments and encouraging ownership of the results (National Research
Council, 2007). This may be especially true in the adaptation arena, where managers are
challenged by both the technical aspects of adaptation and the constraints imposed by
legal mandates and resource limitations. In these cases, participation by an appropriate
array of stakeholders is important in order to ensure that proposed adaptation options are
analyzed in light of both technical rigor and feasibility. Given this, the appropriate
composition of stakeholders for SAP 4.4 includes: (1) those who wish to consider options
for reducing the risk of negative ecological outcomes associated with climate variability
and change; (2) researchers who study climate change impacts on ecosystems and topics
relevant for adaptation to impacts of climate variability and change (e.g., ecosystem
restoration, sustainability); (3) science managers from the physical and social sciences
who develop long-term research plans based on the information needs and decisions at
hand; and (4) tribes and government agencies at federal, state, and local levels who
develop and evaluate policies, guidelines, procedures, technologies, and other
mechanisms to improve adaptive capacity.

The initial planning of SAP 4.4 involved engaging a narrowly defined targeted group of
expert stakeholders to review the substance of the report. Small groups of no more than
20 people from the fields of adaptation science and resource management were asked to
provide comments to the authors of the report on its content through participation in a
series of six workshops (one for each “management system” chapter; see below). Chapter
lead and contributing authors presented draft information on their chapters and case
studies, and incorporated the expert input into their revisions.

Beyond the narrowly defined group of expert stakeholders mentioned above, a broader
array of relevant stakeholders were invited to contribute to the shaping of this document
through a public review process. Feedback was received from non-governmental
organizations, industry, academia, state organizations, and private citizens, as well as
federal government representatives. That feedback resulted in significant changes to this
report. Final input was received from a Federal Advisory Committee composed primarily
of academicians.

2.3 Approach for Reviewing Adaptation Options for Climate-
Sensitive Ecosystems and Resources

This report examines federally protected and managed lands and waters as a context for
reviewing adaptation options for climate-sensitive ecosystems and resources. The focus
on federal holdings was chosen because their protected status reflects the value placed on
these ecosystems and resources by the American public; the management goals for
federal ecosystems are also representative of the range of goals and challenges faced by
other ecosystem management organizations across the United States; and adaptation
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options for federal ecosystems will require a variety of responses (equally applicable to
non-federal lands) to ensure achievement of management goals over a range of time
scales.

Approximately one-third of the nation’s land base is managed by the federal government
and administered by different agencies through a variety of “management systems.”
Since a comprehensive treatment of all federal holdings is beyond the scope of this
report, the focus is on representative management systems that have clear management
goals for which adaptation options can be discussed. Therefore, adaptation options are
reviewed for six management systems: national forests, national parks, national wildlife
refuges, wild and scenic rivers, national estuaries, and marine protected areas (especially
national marine sanctuaries). By using a sample of management systems, the discussion
of adaptation options can go beyond a general list to more specific options tailored to the
management context and goals. This approach also allows exploration of any specific
barriers and opportunities that may affect implementation. The array of adaptation
options discussed should be useful to other resource managers, regardless of whether
their management systems are represented in this report. Likewise, the types of barriers
and suggested methods for addressing those barriers should be sufficiently broad to be
useful to a wider audience of resource managers. Other federally protected systems—
such as wilderness preservation areas, biosphere reserves, research natural areas, natural
estuarine research reserves, and public lands—could not be examined in this report
because of limitations on time and resources. As a result, certain important and extensive
management systems (e.g., Bureau of Land Management) were not reviewed in this
report. Thus, the material in this report represents only the beginning of what should be
an ongoing effort to inform and support resource management decision making. Other
management systems not represented in this report would also benefit from specific
examination of important impacts and adaptation options.

For each of the six management systems selected, this report reviews (1) the historical
origins of the management system and the formative factors that shaped its mission and
goals, (2) key ecosystem components and processes upon which those goals depend, (3)
stressors of concern for the key ecosystem characteristics, (4) management methods
currently in use to address those stressors, (5) ways in which climate variability and
change may affect attainment of management goals, and (6) options for adjusting current
management strategies or developing new strategies in response to climate change. All of
these elements vary considerably depending on the history and organizational structure of
the management systems and the locations and types of ecosystems that they manage.

Specific management goals for the ecosystems in the different management systems vary
based on the management principles or frameworks employed to reach targeted goals.
Natural resource management goals are commonly expressed in terms of maintaining
ecosystem integrity, achieving restoration, preserving ecosystem services, and protecting
wildlife and other ecosystem characteristics. The achievement of management goals is
thus dependant on our ability to protect, support, and restore the structure and functioning
of ecosystems.

Changes in climate may affect ecosystems such that management goals are not achieved.
Thus, the identified management goals from the literature review are analyzed for their
sensitivity to climate variability and change, as well as to other stressors present in the
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system that may interact with climate change. Adaptive responses to climate variability
and change are meant to reduce the risk of failing to achieve management goals.
Therefore, each management system chapter discusses adaptation theories and
frameworks, as well as options for modifying existing management actions and
developing new approaches to address climate change impacts.

For each chapter, the above analysis of climate sensitivities and management responses
includes one or more place-based case studies that explore the current state of knowledge
regarding management options that could be used to adapt to the potential impacts of
climate variability and change. The case studies—which were selected using a range of
criteria (Box 2.1)—cover a variety of ecosystem types such as forests, rivers and streams,
wetlands, estuaries, and coral reefs (Fig. 2.1).

Figure 2.1. Map showing the geographic distribution in the United States of SAP 4.4
case studies.

Taken together, the six management system chapters of this report offer an array of
issues, viewpoints, and case studies to inform managers as they consider adaptation
options. As such, they are not only useful individually but also serve as rich sources of
“data” to inform the cross-cutting themes and synthetic approaches that comprise the
“results” of the Synthesis and Conclusions chapter.

2.4 Climate Variability and Change

Climate change is defined by the Intergovernmental Panel on Climate Change (IPCC) as
any change in climate over time, whether due to natural variability or as a result of
human activity (IPCC, 2007b). Climate variability refers to variations in the mean state
and other statistics (such as standard deviations, the occurrence of extremes, etc.) of the
climate on all temporal and spatial scales beyond that of individual weather events
(IPCC, 2007b). The motivation for developing responses to projected changes in the
climate system stems from observations of changes that have already occurred, as well as
projected climate changes. The discussion below provides background information on
observed climatic and ecological changes that have implications for management of
ecosystems in the United States. For more detailed information, the reader is referred to
recent publications of the IPCC (IPCC, 2007a; 2007b).

2.4.1 Increases in Surface Temperature

Evidence from observations of the climate system has led to the conclusion that human
activities are contributing to a warming of the earth’s atmosphere. This evidence includes
an increase of 0.74 + 0.18°C in global average surface temperature over the last century,
and an even greater warming trend over the last 50 years than over the last 100 years.
Eleven of the last 12 years (1995-2006) are among the 12 warmest years since the
instrumental record of global surface temperature was started in 1850 (IPCC, 2007b).

In the continental United States, temperatures rose linearly at a rate of 0.06°C per decade
during the first half of the 20" century. That rate increased to 0.33°C per decade from
1976 to the present. The degree of warming has varied by region (Fig. 2.2) across the
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United States, with the West and Alaska experiencing the greatest degree of warming
(U.S. Environmental Protection Agency, 2007). These changes in temperature have led to
an increase in the number of frost-free days. In the United States, the greatest increases
have occurred in the West and Southwest (Tebaldi et al., 2006).

Figure 2.2. Annual mean temperature anomalies 1901-2006. Red shades indicate
warming over the period and blue shades indicate cooling over the period. Data
courtesy of NOAA's National Climatic Data Center.

2.4.2 Changes in Precipitation

Changes in climate have also been manifested in altered precipitation patterns. Over the
last century, the amount of precipitation has increased significantly across eastern parts of
North America and several other regions of the world (IPCC, 2007b). In the contiguous
United States, this increase in total annual precipitation over the last century has been
6.1%. When looked at by region (Fig. 2.3), however, the direction and magnitude of
precipitation changes vary, with increases of more than 10% observed in the East North
Central and South, and a decrease of more than 7% in Hawaii (U.S. Environmental
Protection Agency, 2007). The form of precipitation has also changed in some areas. For
example, in the western United States, more precipitation has been falling as rain than
snow over the last 50 years (Knowles, Dettinger, and Cayan, 2006).

Figure 2.3. Annual precipitation anomalies 1901-2006. Green shades indicate a
trend towards wetter conditions over the period, and brown shades indicate a trend
towards dryer conditions. Data courtesy of NOAA's National Climatic Data
Center..

2.4.3 Warming of the Oceans

Another manifestation of changes in the climate system is a warming in the world’s
oceans. The global ocean temperature rose by 0.10°C from the surface to 700 m depth
from 1961-2003 (IPCC, 2007b). Observations of sea-surface temperatures, based on a
reconstruction of the long-term variability and change in global mean sea-surface
temperature for the period 1880-2005, show that they have reached their highest levels
during the past three decades over all latitudes (Fig. 2.4). Warming has occurred through
most of the 20th century and appears to be independent of measured inter-decadal and
short-term variability (Smith and Reynolds, 2005).

Figure 2.4. Annual global sea surface temperature anomaly, 1880-2005, compared
with 1961-1990 climate normal (U.S. Environmental Protection Agency, 2007).
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2.4.4 Sealevel Rise and Storm Intensity

Warming causes seawater to expand and thus contributes to sea level rise. This factor,
referred to as thermal expansion, has contributed 1.6 + 0.5 mm per year to global average
sea level over the last decade (1993-2003). Other factors contributing to sea level rise
over the last decade include a decline in mountain glaciers and ice caps (0.77 £ 0.22 mm
per year), losses from the Greenland ice sheets (0.21 + 0.07 mm per year), and losses
from the Antarctic ice sheets (0.21 + 0.35 mm per year) (IPCC, 2007c).

In the United States, relative sea levels have been rising along most of the coasts at rates
of 1.5-3 mm per year (U.S. Environmental Protection Agency, 2007), which is consistent
with the average rate globally for the 20" century (1.7£0.5 mm per year) (IPCC, 2007b).
Relative sea level has risen 3—-4 mm per year in the Mid-Atlantic states and 5-10 mm per
year in the Gulf states, due to subsidence combined with accelerated global sea level rise
(U.S. Environmental Protection Agency, 2007). On Florida’s Gulf coast, relative sea
level rise has led to a rate of conversion of about 2 meters of forest to salt marsh annually
(Williams et al., 1999).

The effects of sea level rise in coastal areas would be compounded if tropical cyclones
were to become more intense. For the North Atlantic, there is observational evidence
since about 1970 of an increase in intense tropical cyclone activity which is correlated
with increases in tropical sea surface temperatures (IPCC, 2007b). Various high
resolution global models and regional hurricane models also indicate that it is likely that
some increase in tropical cyclone intensity will occur if the climate continues to warm
(IPCC, 2007b). This topic remains an area of intense debate and investigation, with many
competing opinions as to the accuracy of detection methods, the quality of historical data,
and the strength of various modeling results (e.g., see Donnelly and Woodruff, 2007;
Landsea, 2007; Vecchi and Soden, 2007). Nevertheless, if the prospect of increasingly
intense tropical cyclone activity is one plausible scenario for the future, then the
possibility of intensified storm surges and associated exacerbation of sea level rise
impacts may merit consideration and planning by managers.

2.45 Changes in Ocean pH

Between 1750 and 1994, the oceans absorbed about 42% of all emitted carbon dioxide
(CO,) (IPCC, 2007b). As a result, the total inorganic carbon content of the oceans
increased by 118 +19 gigatons of carbon over this period and is continuing to increase.
This increase in oceanic carbon content caused calcium carbonate (CaCOs3) to dissolve at
greater depths and led to a 0.1 unit decrease in surface ocean pH from 1750-1994 (IPCC,
2007b). The rate of decrease in pH over the past 20 years accelerated to 0.02 units per
decade (IPCC, 2007b). This decline in pH, along with the concomitant decreased depth at
which calcium carbonate dissolves, have impaired the ability of marine organisms to use
carbonate ions to build their shells or other hard parts (The Royal Society, 2005; Caldeira
and Wickett, 2005; Doney, 2006; Kleypas et al., 2006).

2.4.6 Warming in the Arctic

Other observations at smaller geographic scales lend evidence that the climate system is
warming. For example, in the Arctic, average temperatures have increased and sea ice
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extent has shrunk. Over the last 100 years, the rate of increase in average Arctic
temperatures has been almost twice that of the global average rate, and since 1978 the
annual average sea ice extent has shrunk by 2.7 + 0.6% per decade. The permafrost layer
has also been affected in the Arctic, to the degree that the maximum area of ground
frozen seasonally has decreased by about 7% in the Northern Hemisphere since 1900,
with the spring realizing the largest decrease (up to 15%) (IPCC, 2007b).

2.4.7 Changes in Extreme Events

Whether they have become drier or wetter, many land areas have likely experienced an
increase in the number and intensity of heavy precipitation (5 cm of rain or more) events
(IPCC, 2007b). About half of the increase in total precipitation observed nationally has
been attributed to the increase in intensity of storms (Karl and Knight, 1998). Heavy
precipitation events are the principal cause of flooding in most of the United States
(Groisman et al., 2005).

The general warming trend observed in most of the United States was also accompanied
by more frequent hot days, hot nights, and heat waves (IPCC, 2007b). Furthermore,
higher temperatures along with decreased precipitation have been associated with
observations of more intense and longer droughts over wider areas since the 1970s.
Within the United States, the western region has experienced longer and more intense
droughts, but these appear also to be related to diminishing snow pack and consequent
reductions in soil moisture. In addition to the factors above, changes in sea-surface
temperatures and wind patterns have been linked to droughts (IPCC, 2007b).

2.4.8 Changes in Hydrology

During the 20™ century, the changes in temperature and precipitation described above
caused important changes in hydrology over the continental United States. One change
was a decline in spring snow cover. This trend was observed throughout the Northern
Hemisphere starting in the 1920s and accelerated in the late 1970s (IPCC, 2007b).
Declining snow cover is a concern in the United States, because many western states rely
on snowmelt for their water use (Mote et al., 2005). Less snow generally translates to
lower reservoir levels. The earlier onset of spring snowmelt exacerbates this problem.
Snowmelt started 2—-3 weeks earlier in 2000 than it did in 1948 (Stewart, Cayan, and
Dettinger, 2004).

Another important change, described in the preceding section, was the increase in heavy
precipitation events documented in the United States during the past few decades. These
changes have affected the timing and magnitude of streamflow. In the eastern United
States, high streamflow measurements were associated with heavy precipitation events
(Groisman, Knight, and Karl, 2001). Because of this association, there is a high
probability that high streamflow conditions have increased during the 20" century
(Groisman, Knight, and Karl, 2001). Increases in peak streamflow have not been
observed in the West, most likely because of the reduction in snow cover (Groisman,
Knight, and Karl, 2001).

2-10
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2.4.9 Observed Ecological Responses

A growing body of literature indicates that over the past three decades, the changes in the
climate system described above—including the anthropogenic component of warming—
have caused discernable physical and biological changes in a variety of ecosystems (Root
et al., 2005; Parmesan, 2006; IPCC, 2007a). These changes include shifts in genetics
(Bradshaw and Holzapfel, 2006; Franks, Sim, and Weis, 2007), species’ ranges,
phenological patterns, and life cycles (reviewed in Parmesan, 2006). Most (85%) of these
ecological responses have been in the expected direction (e.g., poleward shifts in species
distributions), and it is very unlikely that the observed responses are due to natural
variability alone (IPCC, 2007a). The asynchronous responses of different species to
climate change may alter species’ interactions (e.g., predator-prey relationships and
competition) and have unforeseen consequences (Parmesan and Galbraith, 2004).

2.4.10 Future Anticipated Climate Change

Improvements in understanding of the anthropogenic influences on climate have led to
very high confidence in some of the changes described in the previous section (e.g.,
increased global average air and ocean temperatures and sea levels, and melting of
glaciers and sea ice). This improved understanding has also increased confidence in
model projections of future climatic changes. The most recent models project future
changes in the earth’s climate system that are greater in magnitude and scope than those
already observed. Based on annual average projections, surface temperature increases by
the end of the 21* century will range from 2°C near the coasts in the conterminous
United States to at least 5°C in northern Alaska. Nationally, summertime temperatures
will likely increase by 3-5°C. Winter temperatures will likely increase by 7-10°C in
Northern Alaska. In addition, more extreme hot events and fewer extreme cold events are
projected to occur (IPCC, 2007Db).

On average, annual precipitation will likely increase in the northeastern United States and
will likely decrease in the Southwest over the next 100 years (IPCC, 2007b). In the
western United States, precipitation increases are projected during the winter, whereas
decreases are projected for the summer (IPCC, 2007b). More precipitation will likely fall
as rain rather than snow, and snow season length and snow depth are very likely to
decrease in most of the country (IPCC, 2007b). More extreme precipitation events are
also projected (Diffenbaugh et al., 2005; Diffenbaugh, 2005), which, coupled with an
anticipated increase in rain-on-snow events, will likely contribute to more severe flooding
due to increases in extreme runoff (IPCC, 2007b).

The interaction of climate change with other stressors, as well as direct stressors from
climate change itself, will likely cause more complicated responses than have so far been
observed. In general, during the next 100 years, it is likely that many ecosystems will not
be able to resist or recover from the combination of climate change, associated
disturbances, and other global change drivers. Ecological responses to future climate
change are expected with high confidence to negatively affect most ecosystem services.
Major changes in ecosystem structure, composition, and function, as well as interspecific
interactions, are very likely to occur where temperature increases exceed 1.5-2.5°C
(IPCC, 2007a).

2-11
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2.5 Treatment of Uncertainty: Confidence

In this report, evaluations of uncertainty are communicated for judgments, findings, and
conclusions made in the text. Treatment of uncertainty involves characterization and
communication of two distinct concepts: uncertainty in terms of likelihood or in terms of
confidence in the science (IPCC, 2007Db). Likelihood is relevant when assessing the
chance of a specific future occurrence or outcome, and is often quantified as a
probability. However, in this report, judgments and conclusions about adaptation will be
associated with qualitative expressions of confidence rather than quantitative statements
of likelihood.

Confidence is composed of two separate but related elements (IPCC, 2007b). The first
element is the amount of evidence available to support the determination that the
effectiveness of a given adaptation approach is well-studied and understood. The second
element is the level of agreement or consensus within the scientific community about the
different lines of evidence on the effectiveness of that adaptation approach. Thus, each of
the synthetic adaptation approaches drawn from across the chapters of this report is
assessed and given a ranking of “high” or “low” for each element (amount of evidence
and amount of agreement). These assessments of confidence are presented and discussed
in the Synthesis and Conclusions chapter.

2.6 The Adaptation Challenge: The Purpose of This Report

Understanding how to incorporate adaptation into strategic planning activities is an
important challenge because: (1) the climate system is always changing and will continue
to change; (2) those changes will affect attainment of management goals for ecosystems;
and (3) there are varying levels of uncertainty associated with both the magnitude of
climatic changes and the magnitude and direction of ecosystem responses. This report
addresses where, when, and how adaptation strategies may be used to address climate
change impacts on managed ecosystems, the barriers and opportunities that may be
encountered while trying to implement those strategies, and potential long-term strategic
shifts in management approaches that may be made to broaden the scope of adaptation
strategies available to resource managers.

Different approaches are discussed to address adaptation in the planning process. These
approaches generally fall into broad categories that may be distinguished by (1) timing of
the management response: whether the response takes place prior to (proactively) or after
(reactively) a climate event has occurred; and (2) intention of the managing agency:
whether climate-induced changes are formally acknowledged and addressed in
management plans (Box 2.2).

Given that management agencies’ resources are likely to fluctuate over time, a key to the
planning process will be to determine an approach that maximizes attainment of
established short- and long-term goals, especially in light of the effect that climate change
may have on those goals. This report provides a discussion of key questions, factors, and
potential approaches to consider when setting priorities during the planning process, as
well as examples of adaptation strategies that may be employed across different types of
ecosystems and geographic regions of the country (see Box 2.3 for types of strategies).

2-12



O©oo~NoOOoTh~WwWNPEF

SAP 4.4, Adaptation Options for Climate-Sensitive Ecosystems and Resources | Introduction

Addressing future changes is an imprecise exercise, fraught with uncertainties and
unanticipated changes. Managers have to anticipate the interaction of multiple stressors,
the interdependencies of organisms within an ecosystem, and the potential intertwined,
cascading effects. Thus the ability to measure effectiveness of management options, i.e.,
ecological outcomes of specific actions on the ground, is essential in order to
continuously refine and improve adaptation. This report raises issues to consider when
measuring management effectiveness for increasing the resilience of ecosystems to
climate variability and change.

Another requirement for management effectiveness is successful implementation.
Challenges to implementation may be associated with different organizational scales,
operational tradeoffs, cost/benefit considerations, social/cultural factors, and planning
requirements. The information in this report provides an improved understanding of
barriers and opportunities associated with these challenges, including priority information
gaps and technical needs.

Finally, some challenges to implementation of adaptation options and their ultimate
success may require fundamental shifts in management approaches. This report will seek
to identify and discuss possible short- and long-term shifts in management structures,
approaches, and policies that increase the likelihood of effectiveness and success in
implementation, and that may open the door to a greater array of adaptation options in the
future.

2-13
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2.8 Boxes

Box 2.1. Case Study Selection Criteria

The authors of this report, in consultation with agency representatives and
stakeholders, used the following criteria for evaluation and selection of
candidate case studies:

« Contains one or more ecosystem services or features that are protected
by management goals;

- Management goals are sensitive to climate variability and change, and
the potential impacts of climate variability and change are significant
relative to the impacts of other changes;

- Adaptation options are available or possible for preserving a service or
a physical or biological feature; and

- Adaptation options have potential for application in other geographic
regions or for other ecosystem types.

In order to ensure that the entire collection of case studies would include
broad representation across geographic areas, ecosystem types, and
management goals and methods, the following characteristics were
required of the group as a whole:

» Addresses a reasonable cross section of important, climate-sensitive
ecosystems and/or ecosystem services and features;

» Addresses a range of adaptation responses (e.g., structural, policy,
permitting);

» Distributed across the United States and valued by a national
constituency; and

» Aittributes allow for comparison of adaptation approaches and their
effectiveness across the case studies (e.g., lessons learned about
research gaps and about factors that enhance or impede
implementation).
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Box 2.2. Approaches to Adaptation Planning

1. No adaptation: future climate change impacts are not planned for by the managing

agency and are not acknowledged as likely to occur.

2. Reactive adaptation: climate change impacts are not planned for by the managing
agency, and adaptation takes place after the impacts of climate change have been

observed.
3. Anticipatory adaptation

- Responsive: future climate change impacts are acknowledged as likely to occur by the
managing agency, and responses to those changes are planned for when changes are

observed.

- Proactive: climate change impacts are acknowledged as likely to occur by the

managing agency, and adaptation responses are planned for before the changes are

observed.

Box 2.3. Typology of Adaptation Strategies at Ecosystem and
Planning Levels

Ecosystem level

Resilience
Resistance
Representation
Replication
Restoration

Planning level

e Realignment

(set management standards given current and projected future
conditions rather than historic conditions)
e Recognition
(adjust techniques, such as silviculture, with recognition of current
and projected future conditions rather than historic conditions)

2-19




ok~ w

SAP 4.4, Adaptation Options for Climate-Sensitive Ecosystems and Resources | Introduction

2.9 Figures

Figure 2.1. Map showing the geographic distribution in the United States of SAP 4.4

case studies.
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Figure 2.2. Annual mean temperature anomalies 1901-2006. Red shades indicate

warming over the period and blue shades indicate cooling over the period. Data courtesy
of NOAA's National Climatic Data Center.
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Figure 2.3. Annual precipitation anomalies 1901-2006. Green shades indicate a trend
towards wetter conditions over the period, and brown shades indicate a trend towards

dryer conditions. Data courtesy of NOAA's National Climatic Data Center.
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Figure 2.4. Annual global sea surface temperature anomaly, 1880-2005, compared with
1961-1990 climate normal (U.S. Environmental Protection Agency, 2007).

Figure 344-1. Annual global sea surface temperature anomaly, 1880-2005
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3.1 Summary

The National Forest System (NFS) is composed of 155 national forests (NFs) and 20 national
grasslands (NGs), which encompass a wide range of ecosystems, harbor much of the nation’s
biodiversity, and provide myriad goods and services. The mission of the U.S. Forest Service
(USFS), which manages the NFS, has broadened from water and timber to sustaining ecosystem
health, diversity, and productivity to meet the needs of present and future generations. The
evolution of this mission reflects changing societal values (e.g., increasing emphasis on
recreation, aesthetics, and biodiversity conservation), a century of new laws, increasing
involvement of the public and other agencies in NF management, and improved ecological
understanding. Climate change will amplify the already difficult task of managing the NFS for
multiple goals. This chapter offers potential adaptation approaches and management options that
the USFS might adopt to help achieve its NFs goals and objectives in the face of climate change.

Key Findings

Climate change will affect the NFS’s ability to achieve its goals and objectives. Climate change
will make the achievement of all seven strategic goals more challenging because they are all
likely to be sensitive to the direct effects of climate change as well as the interactions of climate
change with other major stressors.

Climate change will exacerbate the impact of other major stressors on NF and NG ecosystems.
Wildfires, non-native and native invasive species, extreme weather events, and air pollution are
the most critical stressors that climate change will amplify within NFS ecosystems. Reduced
snowpack, earlier snowmelt, and altered hydrology associated with warmer temperatures and
altered precipitation patterns are expected to complicate western water management and affect
other ecosystem services that NFs provide (e.g., winter recreational opportunities). Drought will
likely be a major management challenge across the United States. Ozone exposure and
deposition of mercury, sulfur, and nitrogen already affect watershed condition, and their impacts
will likely be exacerbated by climate change.

Both adaptation and mitigation strategies are needed to minimize potential negative impacts and
to take advantage of possible positive impacts from climate change. Because mitigation options
may have deleterious ecological consequences on local to regional scales and adaptation options
may have associated carbon effects, it will be important to assess potential tradeoffs between the
two approaches and to seek strategies that achieve synergistic benefits.

Developing an adaptation strategy will involve planning for and developing a suite of
management practices to achieve multiple goals, along with evaluating different types of
uncertainty (e.g., environmental conditions, models, data, resources, planning horizons, and
public support), to support decisions about the most suitable adaptations to implement. Three
different adaptation approaches are offered: no active adaptation, planned responses after a major
disturbance event, and proactive steps taken in advance of a changing climate. The
appropriateness of each strategy will likely vary across spatial and temporal scales of decision
making; thus, selection of an approach will be influenced by specific management objectives and
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the adaptive capacity of the ecological, social, and economic environment. Although none of
these approaches may successfully maintain extant ecosystems under a changing climate, the
proactive approach is best suited to support natural adaptive processes (e.g., species migration)
and maintain key ecosystem services. To succeed, proactive adaptation would require greater
involvement and integration of managers at many levels to appropriately monitor ecosystem
changes, adjust policies, and modify specific practices.

Reducing the impact of current stressors is a “‘no regrets’ adaptation strategy that could be
taken now to help enhance ecosystem resilience to climate change, at least in the near term.
Increased effort and coordination across agencies and with private landowners to reduce these
stressors (especially air pollution, drought, altered fire regimes, fragmentation, and invasive
species) would benefit ecosystems now, begin to incorporate climate change incrementally into
management and planning, and potentially reduce future interactions of these stressors with
climate change. Approaches that quickly address problems that otherwise would become large
and intractable (e.g., the Early Detection/Rapid Response program for invasive species) may also
help managers reduce the impacts of climate-driven events such as floods, windstorms, and
insect outbreaks. Consideration of post-disturbance management for short-term restoration and
for long-term restoration under climate change prior to the disturbance (fire, invasives, flooding,
hurricanes, ice storms) may identify opportunities and barriers. Large system-resetting
disturbances offer the opportunity to influence the future structure and function of ecosystems
through carefully designed management experiments in adapting to climatic change.

Incorporating climate change into the USFS planning process is an important step that could be
taken now to help identify suitable management adaptations as well as ecological, social, and
institutional opportunities and barriers to their implementation. Planning processes that include
an evaluation of vulnerabilities (ecological, social, and economic) to climate change in the
context of defining key goals and contexts (management, institutional, and environmental) might
better identify suitable adaptive actions to be taken at present or in the short term, and better
develop actions for the longer term. Coordination of assessments and planning efforts across the
organizational levels in the USFS might better identify spatial and temporal scales for modeling
and addressing uncertainty and risk linked to decision-making. Given the diversity of NFS
ecosystems, a planning process that allows planners and managers to develop a toolbox of
multiple adaptation options would be most suitable.

Better educating USFS employees about climate change and adaptation approaches is another
step that could be implemented immediately. Developing adaptation options to climate change
may require NF staff to have a more technical understanding of climate change as well as the
adaptive capacity of social and economic environments. The challenge for NFs to keep up with
the rapidly changing science also suggests the need to build on and strengthen current
relationships between researchers (inside and outside of the USFS) and NF staff.

As climate change interacts with other stressors to alter NFS ecosystems, NFs may need to
manage for change by increasing emphasis on managing for desired ecological processes by
working with changes in structure and composition of NFs. The individual, disparate, and
potentially surprising responses of species to climate change may preclude the preservation of
current species assemblages over the long term. Under such a scenario, managing for change,
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despite uncertainty about its direction or magnitude, may be the most viable long-term option.
Working toward the goal of desired future functions (e.g., processes, ecosystem services) would
involve managing current and future conditions (e.g., structure, outputs), which may be dynamic
through a changing climate, to sustain those future functions as climate changes.

Establishing priorities to address potential changes in population, species, and community
abundances, structures, and ranges—including potential species extirpation and extinction—
under climate change is an important adaptation that will require time and effort to develop. A
careful examination of current prioritization methods would begin to identify opportunities and
barriers to the analysis of tradeoffs and development of priorities under a changing climate. A
tiered approach to priority-setting could include the “no regrets” actions mentioned above
(reducing current stressors), “low regrets” actions that provide important benefits at little
additional cost and risk, and “win-win” actions that reduce the impacts of climate change while
also providing other benefits. Using triage to set priorities would acknowledge where limited
resources might be more effective if focused on urgent, but treatable problems.

As discussed in the three case studies (Tahoe NF, Olympic NF, and Uwharrie NF; see the Case
Study Summaries and Annex Al), the USFS will need to overcome various barriers to take
advantage of opportunities to implement adaptation options. The collaboration and cooperation
with other agencies, national networks, and the public required to manage NF lands could be an
opportunity or a barrier to adaptation. The ability of the USFS to adapt will be enhanced or
hindered to the extent that these other groups recognize and address climate change. Adaptive
management is also both an opportunity and a barrier. While it facilitates learning about
ecosystem responses to management, it may not be useful when the ability to act adaptively is
constrained by policies or public opinion, or when actions must be taken quickly.

Applied research could help fill gaps in understanding and data while also providing enhanced
tools for decision support. Research priorities include studies that assess the socioeconomic
impacts of adaptation options, develop ways to reduce ecosystem vulnerability to disturbances
that will be exacerbated by climate change (e.g., insects, fire, invasives), and show how climate
change can be better incorporated into long-term forest planning (including improved
communication). The USFS could also take advantage of current infrastructure and coordinate
with other agencies to enhance monitoring and mapping efforts with climate change in mind.

There is a clear need for the USFS as a whole to respond to the potential impacts of climate
change. While this report focuses on the NFS, climate change needs to be addressed across all
functional lines and program areas (including state and private forestry, international programs,
and research) of the USFS. Further enhancing the relationship between NFS managers, state and
private forestry staffs, and scientists in the research branch should help the USFS addresses this
challenge.
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3.2 Background and History
3.2.1 Historical Context and Enabling Legislation

In the mid 1800s, the rapid western expansion of European-American settlement and the
associated environmental impact of deforestation, human-caused wildfire, and soil erosion raised
concerns about the sustainability of public lands (Rueth, Baron, and Joyce, 2002). At a meeting
of the American Association for the Advancement of Science in 1873, Franklin Benjamin Hough
described the environmental harm resulting from European forest practices and proposed that the
United States take action to avoid such impacts. Congress directed the U.S. Department of
Agriculture (USDA) to report on forest conditions, and in 1876 Hough—as the USDA special
forestry agent—completed the first assessment of U.S. forests. In 1881, the Division of Forestry
within USDA was created with the mission to provide information. Three years later, research
was added to the mission.

With the passage of the Forest Reserve Act of 1891, President Harrison established the first
timber land reserve (Yellowstone Park Timber Land Reserve, eventually to become the
Shoshone National Forest) under the control of the General Land Office (Fig. 3.1). Over the next
two years, Harrison designated more than 13 million acres (5.26 million ha) within 15 forest
reserves in seven western states and Alaska (Rowley, 1985). The Forest Transfer Act of 1905
established the U.S. Forest Service, in USDA, and transferred the reserves from the General
Land Office to USDA. With this legislation, the policy shifted from land privatization to federal
forest protection, with integrated research and scientific information as an important element in
the management for sustained timber yields and watershed protection (Rowley, 1985)." In 1907,
the forest reserves were renamed to national forests (NFs). By 1909, the NFs had expanded to
172 million acres (70 million hectares) on 150 NFs.’

Figure 3.1. Timeline of National Forest System formation and the legislative influences on
the mission of the national forests.

3.2.2 Evolution of National Forest Mission

In the 1891 act, the mission was to “improve and protect the forest within the boundaries, or for
the purposes of securing favorable conditions of water flows, and to furnish a continuous supply
of timber.” In 1905, Secretary of Agriculture James Wilson wrote that questions of use must be
decided “from the standpoint of the greatest good for the greatest number in the long run”
(USDA Forest Service, 1993). The 1936 Report of the Chief recognized a greater variety of
purposes for NFs including “timber production, watershed production, forage production, and

! See also MacCleery, D., 2006: Reinventing the U.S. Forest Service: Evolution of the national forests from
custodial management, to production forestry, to ecosystem management: A case study for the Asia-Pacific Forestry
Commission. In: Proceedings of the Reinventing Forestry Agencies Workshop. Asia-Pacific Forestry Commission,
FAO Regional Office for Asia and the Pacific, Thailand. 28 February, 2006. Manila, Philippines.

2 USDA Forest Service. 2007. Table 21 National Forest Lands Annual Acreage (1891 to present). Report date
October 10, 2007, http://www.fs.fed.us/land/staff/lar/2007/TABLE_21.htm, accessed on 11-28-2007.
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livestock grazing, wildlife production, recreational use, and whatever combination of these uses
will yield the largest net total public benefits.”* In 1960, the Multiple Use-Sustained Yield Act
officially broadened the mission to give the agency “permissive and discretionary authority to
administer the national forest for outdoor recreation, range, timber, watershed, and wildlife and
fish purposes.”

Specific management goals for land within national forest boundaries were identified by
legislation in the 1960s: Wilderness Act of 1964, National Trails System Act of 1968, Wild and
Scenic Rivers Act of 1968.* As these congressional designations encompassed land from many
federal agencies, coordination with other federal and in some cases state agencies became a new
component of the management of these designated NF lands. By 2006, 23 percent of the
National Forest System’s lands were statutorily set aside in congressional designations—the
national wildernesses, national monuments, national recreation areas, national game refuges and
wildlife preserves, wild and scenic rivers, scenic areas, and primitive areas.

Legislation of the 1970s established oversight by agencies other than the Forest Service for the
environmental effect of land management within NFs. The Clean Air Act of 1970 and the Clean
Water Act of 1972 gave the Environmental Protection Agency responsibility for setting air and
water quality standards, and the states responsibility for enforcing these standards. Similarly, the
U.S. Fish and Wildlife Service and the National Marine Fisheries Service were given a new
responsibility through the required consultation process in the Endangered Species Act of 1973
to review proposed management on federal lands that could modify the habitat of listed species.

Additional legislation established greater public involvement in evaluating management impacts
and in the forest planning process. The National Environmental Policy Act (NEPA) of 1970
required all federal agencies proposing actions that could have a significant environmental effect
to evaluate the proposed action as well as a range of alternatives, and provide an opportunity for
public comment. Increased public participation in the national forest planning process was
provided for within the National Forest Management Act of 1976. Land management activities
within the NFs were now, more than ever, in the local, regional, and national public limelight.

These laws and their associated regulations led to many changes within the organizational
structure of the Forest Service, the composition of the skills within the local, regional, and
national staffs, and the management philosophies used to guide natural resource management.
Additionally, the public, environmental groups, internal agency sources, and the Forest Service’s
own research community were reporting that substantial changes were needed in natural resource
management.” In 1992, Forest Service Chief Dale Robertson announced that “an ecological
approach” would now govern the agency’s management philosophy. In 1994, Chief Jack Ward
Thomas issued the publication Forest Service Ethics and Course to the Future, which described
the four components of ecosystem management: protecting ecosystems, restoring deteriorated
ecosystems, providing multiple-use benefits for people within the capabilities of ecosystems, and
ensuring organizational effectiveness. MacCleery" notes that this shift to ecosystem management
occurred without explicit statutory authority, and as an administrative response to many factors
such as public involvement in the planning processes, increased technical diversity within the

®16 U.S.C. § 528-531
416 U.S.C. § 1271-1287 P.L. 90-542
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Forest Service staffs, increased demand for recreational opportunities, and increased
understanding in the natural resource sciences.

After the active wildfire season in 2000, federal agencies drafted the National Fire Plan to reduce
the risk of wildfire to communities and natural resources. The Plan has focused prevention on the
reduction of woody biomass (mechanical thinning, prescribed fire, wildland fire use, removal of
surface fuels) and the restoration of ecosystems where past land use had altered fire regimes. The
Healthy Forest Restoration Act of 2003 included provisions to expedite NEPA and other
processes to increase the rate at which fuel treatments were implemented in the wildland-urban
interfaces of at-risk communities, at-risk municipal watersheds, areas where fuel treatments
could reduce the risk of fire in habitat of threatened and endangered species, and where wind-
throw or insect epidemics threaten ecosystem components or resource values.”

The 2007-2012 USDA Forest Service Strategic Plan describes the mission of the Forest Service,
an agency with three branches: National Forest Systems, Research, and State and Private, as: “To
sustain the health, diversity and productivity of the Nation’s forest and grasslands to meet the
needs of present and future generations” (USDA Forest Service, 2007b). The mission reflects
public and private interests in the protection and preservation of natural resources, a century of
laws passed to inform the management of NF lands, partnerships with states for stewardship of
non-federal lands, and a century of research findings.

3.2.3 Interpretation of Goals

At the national level, the USDA Forest Service Strategic Plan identifies a set of strategic
priorities that are implemented over a period of time through annual agency budgets. The
strategic priorities or goals are based on national assessments of natural resources and in
response to social and political trends (USDA Forest Service, 2007b) (Box 3.1). Within the NFS,
these goals are interpreted in each level of the organization: national, regional, and individual
administrative unit (forest, grassland, and prairie) (Fig. 3.2).

Figure 3.2. Jurisdiction and organizational levels within the National Forest System.

Individual unit planning (national forest, grassland or other units) provides an inventory of
resources and their present conditions on a particular management unit. This inventory, coupled
with the desired future condition for ecosystem services and natural resources within each
national forest, is the basis for annual work planning and budgeting (USDA Forest Service,
2007b). Annual work planning identifies the projects that all units propose for funding within a
fiscal year. This level of planning involves the final application of agency strategic direction into
a unit’s annual budget to move its resources toward its desired future condition. Project planning
includes specific on-the-ground management for recreation, fisheries, restoration, vegetation
management, and fuel treatments.

*H.R. 190
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Individual administrative units have worked together to develop documents that guide
management across several units. For example, the Pacific Northwest Forest Plan was initiated in
1993 to end an impasse over the management of federal lands within the range of the northern
spotted owl. The area encompassed 24.5 million acres (~10 million ha); 17 NFs in Washington,
Oregon, and California; and public lands in Oregon and Washington managed by the Bureau of
Land Management.

3.3 Current Status of Management Systems
3.3.1 Key Ecosystem Characteristics Upon Which Goals Depend

The NFS (Fig. 3.3) includes a large variety of ecosystems with diverse characteristics. National
Forests include ecosystem types ranging from evergreen broadleaf tropical forests within the
Caribbean NF in Puerto Rico; alpine tundra on the Medicine Bow NF in Wyoming and the
Arapaho NF in Colorado; oakbrush and pifion-juniper woodlands within the Manti-LaSal NF in
Utah; northern hardwood forests on the White Mountains NF in New Hampshire; mixed
hardwoods on the Wayne-Hoosier NF in Indiana; oak-hickory forests on the Pisgah NF in North
Carolina; and ponderosa forests in the Black Hills NF of South Dakota, the Coconino and
Sitgreaves NFs of Arizona, and the Lassen NF in California (Adams, Loughry, and Plaugher,
2004). The National Grasslands (NGs) include ecosystem types ranging from shortgrass prairie
on the Pawnee NG in Colorado to tallgrass prairie on the Midewin NG in Illinois, and from
tallgrass prairie on the Sheyenne NG to the stark badlands found in the Little Missouri NG, both
in North Dakota. The NFs also includes aquatic systems (lakes, ponds, wetlands, and
waterways). Considering its extent and diversity, the NFS is an important cultural and natural
heritage and, as such, is valued by a wide variety of stakeholders.

Figure 3.3. One hundred fifty-five national forests and 20 national grasslands across the
United States provide a multitude of goods and ecosystems services, including
biodiversity.°

National forests harbor much of the nation’s terrestrial biodiversity. Specifically, NFs comprise
three major attributes of biodiversity across multiple levels of organization (genes to landscapes)
(see Noss, 1990): structural diversity (e.g., genetic, population, and ecosystem structure),
compositional diversity (e.g., genes, species, communities, ecosystems, and landscape types),
and functional diversity (e.g., genetic, demographic, and ecosystem processes, life histories, and
landscape-scale processes and disturbances). Biodiversity conservation has become an important
goal of the USFS and is a consideration in planning.” National forests provide important habitat
for many rare, threatened, and endangered plants and animals, ranging from charismatic species
such as the grey wolf (Canis lupus) to lesser known species such as Ute ladies’ tresses
(Spiranthes diluvialis). Climate change will amplify the current biodiversity conservation

® USDA Forest Service Geodata Clearinghouse, 2007: FSGeodata Clearinghouse: other forest service data sets.
USDA Forest Service Geodata Clearinghouse Website, Overlay created in ArcMap 8.1, boundary files are the
alp_boundaries?2 file set, http://fsgeodata.fs.fed.us/clearinghouse/other_fs/other_fs.html, accessed on 7-30-2007.

" For example see USDA Forest Service, 7-11-2007: Rocky Mountain region: species conservation program.
USDA Forest Service Website, http://www.fs.fed.us/r2/projects/scp/, accessed on 7-30-2007.
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challenge because it is already affecting and will continue to affect the relationships between
climate and the various attributes and components (i.e., genes, species, ecosystems, and
landscapes) of biodiversity (Hansen et al., 2001; Root et al., 2003; Malcolm et al., 2006;
Parmesan, 2006).

National forests also provide myriad goods and services—collectively called ecosystem services
(Millennium Ecosystem Assessment, 2005). Historically, timber, grazing, and fresh water have
been the most important goods and services provided by NFs. Although timber harvest (Fig. 3.4)
and domestic livestock grazing now occur at lower than historical levels (see also Mitchell,
2000; Haynes et al., 2007), NFs harvested more than 2.2 billion board feet in 2006® and more
than 7000 ranchers relied on NFs and national grasslands for grazing their livestock.® About 60
million Americans (20% of the nation’s population in 3,400 towns and cities) depend on water
that originates in national forest watershed (USDA Forest Service, 2007b). In addition, NFs
contain about 3,000 public water supplies for visitors and employees (e.g., campgrounds, visitor
centers, and administrative facilities) (USDA Forest Service, 2007b). Thus, the condition of the
watershed affects the quality, quantity, and timing of water flowing through it.*® Climate change
will almost certainly affect all three of these historical ecosystems services of NFs (see Section
3.3.4.2) and likely complicate the USFS’s already formidable task of restoring, sustaining, and
enhancing NFs and NGs while providing and sustaining benefits to the American people.

Figure 3.4. Historical harvest levels across the national forests.8

Over the past few decades, the USFS and the public have come to appreciate the full range of
ecosystem services that NFs provide (see Box 3.2). The Millennium Ecosystem Assessment
(2005) defines ecosystem services as the benefits people derive from ecosystems, and classifies
these benefits into four general categories (Box 3.2): provisioning (i.e., products from
ecosystems), regulating (i.e., regulation of ecosystem processes), cultural (i.e., nonmaterial
benefits), and supporting services (i.e., services required for production of all other ecosystems
services). Biodiversity can be treated as an ecosystem service in its own right, or can be seen as a
necessary condition underpinning the long-term provision of other services (Millennium
Ecosystem Assessment, 2005; Balvanera et al., 2006; Diaz et al., 2006). This report treats
biodiversity as an ecosystem service. The growing importance of regulating services such as pest
management, and watershed and erosion management (see Goal 1); provisioning services such as
providing wood and energy (see Goal 2); and cultural services such as aesthetics and especially
recreation (Goal 4) are reflected in the USFS national goals (see Box 3.1).

The achievement of strategic and tactical goals set forth by the USFS depends on conservation
and enhancement of ecosystems services at various scales. Maintenance and enhancement of

8 USDA Forest Service, 2006: FY1905-2006 annual national sold and harvest summary. Available from
http://www.fs.fed.us/forestmanagement/reports/sold-harvest/documents/1905-

2006_Natl_Sold_Harvest Summary.pdf, USDA Forest Service Forest Management, Washington, DC.

° USDA Forest Service, 2007: Grazing Statistical Summary 2005. Washington, DC, pp.iii-108.

9 Brown, T.C. and P. Froemke, 2006: An Initial Ranking of the Condition of Watersheds Containing NFS Land:
Approach and Methodology. USDA Forest Service Rocky Mountain Research Station.
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ecosystems services on NFs is considered within the context of all potential uses and values of
individual NFs. Unlike federal lands afforded strict protection, NFs contain multiple resources to
be used and managed for the benefit of current and future generations (see Multiple-Use
Sustained-Yield Act of 1960). The USFS, as the steward of NFs and its resources, actively
manages NFs to achieve the national goals outlined in Box 3.1 and the individual goals identified
for each NF and NG.

3.3.2 Stressors of Concern on National Forests

3.3.2.1 Current Major Stressors

National forests are currently subject to many stressors that affect the ability of the USFS to
achieve its goals. We define the term stressor as any physical, chemical, or biological entity that
can induce an adverse response (U.S. Environmental Protection Agency, 2000). Stressors can
arise from physical and biological alterations of natural disturbances within NFs, increased
unmanaged demand for ecosystem services (such as recreation), alterations of the landscape
mosaic surrounding NFs, chemical alterations in regional air quality, or from a legacy of past
management actions (USDA Forest Service, 2007b).

Disturbances, both human-induced and natural, shape ecosystems by influencing their
composition, structure, and function (Dale et al., 2001). Over long timeframes, ecosystems adapt
and can come to depend on natural disturbances such as fire, hurricanes, windstorms, insects, and
disease. For example, sites where fire has naturally occurred include plant species with seed
cones that open only in response to heat from wildfire, and thick barked trees that resist surface
fire. When disturbances become functions of both natural and human conditions (e.g., forest fire
ignition and spread), the nature (i.e., temporal and spatial characteristics) of the disturbance may
change—such as when wildfire occurs outside of the recorded fire season. These altered
disturbance regimes become stressors to ecosystems, and affect ecosystem services and natural
resources within NF ecosystems (e.g., fire, USDA Forest Service, 2007D).

Current Management Activities and the Legacy of Past Management

The legacy of past land-use can leave persistent effects on ecosystem composition, structure, and
function (Dupouey et al., 2002; Foster et al., 2003). Depending on their scale and intensity,
extractive activities such as timber harvesting, mining, and livestock grazing stress NF
ecosystems, affecting their resilience and the services they provide. Current USFS management
strategies emphasize mitigation of environmental impacts from these activities (see section
3.3.3). However, the legacy of extractive activities in the past (Rueth, Baron, and Joyce, 2002;
Foster et al., 2003) is a continuing source of stress in NFs. For example, past logging practices,
in combination with fire suppression, fragmentat