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with the ongoing changes that result as climates
and environments vary.

3.4.2.2 Planning Analyses for Climate
Change

RPA Assessment

The only legislatively required analysis with
respect to climate change and USFS planning
was identified in the 1990 Food Protection
Act, which amended the 1974 Resources
Planning Act (RPA). The 1990 Act required
the USFS to assess the impact of climate
change on renewable resources in forests and
rangelands, and to identify the rural and urban
forestry opportunities to mitigate the buildup
of atmospheric CO,. Since 1990, the RPA
Assessments (e.g., USDA Forest Service, 1993;
USDA Forest Service, 2000; USDA Forest
Service, forthcoming) have included an analysis
of the vulnerability of U.S. forests to climate
change, and the impact of climate change on
ecosystem productivity, timber supply and
demand, and carbon storage (Joyce, Fosberg,
and Comandor, 1990; Joyce, 1995; Joyce and
Birdsey, 2000; Haynes et al., 2007). These
analyses have identified several important
aspects of the analysis of climate change impacts
on the forest sector. Transient analyses, where
annual dynamics are followed throughout the
projection period, allow interactions between
ecosystem responses to climate change and
market responses to identify adaptation options
to the changing climate. The forest sector trade
at the global scale can influence the forest sector
responses (price as well as products) within
countries. National level analyses aggregate
impacts across regions, and it remains important
to identify the regional response, which may be
greater, because that is where management
decisions will be made (Joyce, 2007). Most
critically, all of these analyses have stressed the
importance of evaluating the ecological and the
economic response in an integrated fashion

Adaptation strategies may vary based on
the spatial and temporal scales of decision
making. Planning at regional or national scales
may involve acceptance of different levels of
uncertainty and risk than appropriate at local
(e.g., NF or watershed) scales. National analyses
associated with RPA offer the opportunity
to develop potential approaches to link
assessments at the national, regional, multi-
forest, and NF scales. Such an approach could

involve key questions, methods of assessment,
approaches to uncertainty and risk, needed
expertise and resources, responsibilities and
timelines, and identification of spatial and
temporal scales for modeling linked to decision
making. The assessment would consider how
vulnerabilities and sensitivities within these
systems might be identified, given the available
information, as well as identifying situations of
high resilience to climate change or situations
where the climate change effects might be
locally buffered. Significant involvement
by scientists, managers, policymakers, and
stakeholders from local to national levels
would be critical. Such a linked assessment
could guide NFs and their partners in terms
of a process to assess the impacts of climate
change on natural resources and ecosystem
services within their boundaries, across their
boundaries, and at larger spatial scales such as
regional and national.

Forest Planning and Project Analyses

The following planning steps have been
suggested as appropriate in a climate-change
context when beginning a project (Spittlehouse
and Stewart, 2003; see examples therein):

1. Define the issue (management situation,
goals, and environmental and institutional
contexts);

2. Evaluate vulnerabilities under changing
conditions;

3. Identify suitable adaptive actions that can
be taken at present or in the short term;
and

4. Develop suitable adaptive actions that
could be taken in the longer term.

In a survey of the forest plans available online
in December 2006, 15 plans from a total of
121 individual forests had included references
to climate change (terms “climate change,”
“climate variability,” or “global warming”)
in the sections of the plan describing trends
affecting management or performance
risks, or, in earlier plans, as a concern in the
environmental impact statement; both of these
types of references are similar to Step 2 above
(evaluating vulnerabilities).

Given the challenges of the uncertainty in
climate scenarios at fine spatial scale (Section
3.4.2.1), a set of assumptions to be considered
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in planning has been proposed.30 Specifically,
the recommendations make use of an adaptive
management approach to make adjustments in
the use of historical conditions as a reference
point. Flexibility to address the inherent
uncertainty about local effects of climate
change could be achieved through enhancing
the resiliency of forests, and specific aspects
of forest structure and function are mentioned
(Box 3.6). These assumptions would allow the
plan components to be designed in a way that
allows for adaptability to climate change, even
though the magnitude and direction of that
change is uncertain. The assumptions to be
examined (listed in Box 3.6) explore underlying
premises about climate and climate change in
the management processes.

One information-gathering option to help define
the underlying assumptions and vulnerabilities
to climate change might be to consider
convening a science-based (e.g., USFS research
team) rapid assessment or “audit” of existing
forest planning documents (e.g., the Forest Land
Management Plan, or larger plans such as the
Sierra Nevada Forest Plan amendment or the
Northwest Forest Plan, and project plans). The
purpose of the audit would be to determine the
level of climate adaptedness, pitfalls, and areas
for improvement in current forest plans and
operations. Such an audit could focus on current
management direction (written policy); current
management practices (implementation); and
priorities of species (e.g., specific targeted
species) and processes (fire, insects/disease).
The audit would highlight concrete areas of
the plans and projects that are poorly adapted
to potential changes in climate, as well as
those that are already climate-proactive. Audit
recommendations would identify specific
areas where changes are needed, and where
improvements in forest planning or project-level
planning and management could be made.

Information and tools needed to assist
adaptation form the basis for a long-term,
management-science partnership continually
refining scientific information for resource
management decisions. A wide suite of modeling
approaches that project climate change impacts
on ecosystems are available (for example,
Melillo et al., 1993; Joyce and Birdsey, 2000;

30 West, 2005: Letter and Attachments. File Code
4070, letter dated July 26, 2005. Pacific Northwest
Station.
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Bachelet et al., 2001; Iverson and Prasad, 2001,
Currie, 2001; Felzer et al., 2004; McKenzie et
al., 2004; Logan and Powell, 2005; Scholze et
al., 2006; Rehfeldt et al., 2006; Joyce, 2007;
Lenihan et al., forthcoming; Bachelet et al.,
forthcoming).20 These modeling approaches
contain different underlying assumptions
about ecological process, mathematical and
statistical descriptions of ecosystems, the
effect of climate, and may or may not include
the ability to explore the effect of management
on the ecosystem under a changing climate.
For example, some statistical models are based
on the assumption of equilibrium relationships
between vegetation and climate, a concept that
is no longer considered a valid description of
ecosystem dynamics and biogeography. In
addition, the recent literature on non-analog
future climates and 30 years of literature on
palececology demonstrate that species respond
individualistically and uniquely in time and
space, and models must take into account
competition and ecological disturbance, not just
gradual temperature change. Understanding
the strengths and weaknesses of the available
models and where these models can contribute
to planning and analysis needs, as well as the
development of pathways to add climate to
existing planning and analysis tools used by
NFs, are critical research needs.

In the short-term, natural resource managers
could benefit from a manager’s guide with
current state-of-the art scientific concepts
and techniques. Critical gaps in scientific
understanding of the impacts of climate change,
and of management on ecosystem services,
hinder adaptation by limiting assessment of
risks, efficacy, and sustainability of actions.
Assistance and consultation on interpreting
climate and ecosystem model output would
provide the context and relevance of model
predictions to be reconciled with managers’
priorities for adaptation.

3.4.3 Approaches for Management
in the Context of Climate Change

3.4.3.1 Toolbox of Management
Approaches

A primary premise for adaptive approaches
is that change, novelty, uncertainty, and
uniqueness of individual situations are expected
to define the planning backdrop of the future.
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BOX 3.6. Forest Planning Assumptions to Consider Regarding Climate Change.

(Excerpted from West, 2005)30

Historic Conditions: We assume that historical conditions are a useful reference or point of com-
parison for current or future trends, in accord with the Healthy Forest Restoration Act, the 2005
planning rule, and LANDFIRE (and other national fire-related projects). However, we recognize that
this assumption is likely to face substantial challenges as the effects of climate change on vegetation
and disturbance regimes play out over the next several decades. Accordingly, an adaptive manage-
ment approach can be used to test this assumption, make adjustments in the desired future condi-
tion, and plan goals and objectives as the local effects of climate change become apparent.

Flexibility and Considerations: Although climate and ecosystem forecast models have improved
significantly, they cannot produce highly accurate local projections. Flexibility to address the inherent
uncertainty about local effects of climate change could be achieved through enhancing the resiliency
of forests by considering that:

* Diverse plantings will likely be more adaptable to changing conditions than will single species
stands.

* Prescribed fire and thinning could be used to keep tree densities low to improve resistance to
drought and pest infestations.

» Nitrogen-fixing species, intermixed in a stand, may facilitate regrowth after disturbance in a rapidly
changing environment, although they may compete for water on droughty sites.

* Encouraging local industries that can adapt to or cope with variable kinds of forest products because
of the uncertainty in which tree species will prosper under changed climate.

» Some vegetation types in vulnerable environments (e.g., ecotonal, narrow distribution, reliant on
specific climate combinations, situations sensitive to insect/pathogens) will be highly sensitive to
changes in climate and may undergo type conversions despite attempts at maintaining them (meadow
to forest, treeline shifts, wetland loss). Some of these changes are likely to be inevitable.

» Reforestation after wildfire may require different species (i.e., diverse plantings, as mentioned above)
than were present on the site pre-fire to better match site-type changes due to climate effects.

* Genetic diversity of planting stock may require different mixes than traditionally prescribed by seed
zone guidelines.

* Massive forest diebacks may be clues to site transition issues.

* Behavior of invasive species is likely to be different as climates shift.

* Increasing interannual climate variability (e.g., dry periods followed by wet, as in alternating ENSO
patterns) may set up increasingly severe fuels situations.

* Non-linear, non-equilibrium, abrupt changes in vegetation types and wildlife behavior may be more
likely than linear, equilibrium, and gradual changes.

*  Water supply and water quality issues might become critical, particularly if increased or prolonged
drought or water quality changes are the local consequences of climate change.

» Carbon storage to reduce greenhouse gas and other effects might be important.

Adaptive Management: Effects due to climate change (e.g., wildfire severity/acreage trends, veg-
etation trends, insect and disease trends) may become more apparent as new information becomes
available to NFs through regional or sub-regional inventories, data collection, and research. This
information may be useful for adjusting desired conditions and guidelines as plans are implemented.
Information of interest might include:

* The frequency, severity, and area trends of wildfire and insect/disease disturbances, stratified by
environment

* The distribution of major forest types. For example, the lower and upper elevational limits of forests
and woodlands might change as precipitation, temperature, and other factors change. These trends
might be detected through a combination of permanent plots (e.g., Forest Inventory and Analysis
plots) and remotely sensed vegetation data (e.g., gradient nearest neighbor analyses).

» Stream flow and other indicators of the forests’ ability to produce water of particular quality and
quantity.
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Rapid changes that are expected in physical
conditions and ecological responses suggest that
management goals and approaches will be most
successful when they emphasize ecological
processes, rather than focusing primarily
on structure and composition. Information
needs (e.g., projections of future climates,
anticipated ecological responses) will vary in
availability and accuracy at local spatial and
temporal scales. Thus, strategic flexibility and
willingness to work in a context of varying
uncertainty will improve success at every
level (Anderson et al., 2003). Learning from
experience and iteratively incorporating lessons
into future plans—adaptive management in
its broadest sense—is an appropriate lens
through which natural-resource management
is conducted (Holling, 2001; Noss, 2001;
Spittlehouse and Stewart, 2003). Dynamism
in natural conditions is appropriately matched
by dynamic approaches to management and
adaptive mindsets.

Given the nature of climate and environmental
variability, the inevitability of novelty and
surprise, and the range of management
objectives and situations, a central dictum is
that no single approach will fit all situations
(Spittlehouse and Stewart, 2003; Hobbs et al.,
2006). From a toolbox of options such as those
proposed below, appropriate elements (and
modifications) should be selected and combined
to fit the situation. Some applications will
involve existing management approaches used
in new locations, seasons, or contexts. Other
options may involve experimenting with new
practices.

A toolbox approach recognizes that strategies
may vary based on the spatial and temporal
scales of decision making. Planning at regional
scales may involve acceptance of different
levels of uncertainty and risk than appropriate at
local (e.g., NF or watershed) scales. The options
summarized below fall under adaptation,
mitigation, and conservation practices (Dale et
al., 2001; IPCC, 2001a). Based on the toolbox
approach, an overall adaptive strategy will
usually involve integrating practices that
have different individual goals. An important
consideration in building an integrative
strategy is to first evaluate the various types of
uncertainty: for example, uncertainty in present
environmental and ecological conditions,
including the sensitivity of resources; uncertainty
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in models and information sources about the
future; uncertainty in support resources (staff,
time, funds available); uncertainty in planning
horizon (short- vs. long-term); and uncertainty
in public and societal support. This evaluation
would lead to a decision on whether it is best
to develop reactive responses to changing
disturbances and extreme events, or proactive
responses anticipating climate change (see
Section 3.4.1). The following options provide a
framework for building management strategies
in the face of climate change. Some examples of
specific, on-the-ground, adaptation options are
presented in Box 3.7 and are elaborated upon
further in the sections that follow. Examples of
institutional and planning adaptations, given in
Box 3.8, are also elaborated upon further in the
sections that follow.

3.4.3.2 Reducing Existing Stresses

The USFS implements a variety of management
approaches to reduce the impact of existing
stressors on NFs (see Section 3.3.3), and an
increased emphasis on these efforts represents
an important “no regrets” strategy. It is likely
that the direct impacts of climate change on
ecosystems and the effects of interactions of
climate change with other major stressors may
render NFs increasingly prone to more frequent,
extensive, and severe disturbances, especially
drought (Breshears et al., 2005; Seager et al.,
2007), insect and disease outbreaks (Logan
and Powell, 2001; Carroll et al., 2004), invasive
species, and wildfire (Logan and Powell,
2001; Brown, Hall, and Westerling, 2004;
McKenzie et al., 2004; Logan and Powell,
2005; Skinner, Shabbar, and Flanningan, 2006)
(see also Section 3.3.2). The elevated water
stress resulting from warmer temperatures
in combination with greater variability in
precipitation patterns and altered hydrology
(e.g., from less snowpack and earlier snowmelt,
Mote et al., 2005) would increase the frequency
and severity of both droughts and floods
(IPCC, 2001a). Air pollution can negatively
affect the health and productivity of NFs, and
the fragmented landscape in which many NFs
are situated impedes important ecosystem
processes, including migration. Efforts to
address the existing stressors would address
current management needs, and potentially
reduce the future interactions of these stressors
with climate change.



Adaptation Options for Climate-Sensitive Ecosystems and Resources

BOX 3.7. National Forest Adaptation Options.

* Facilitate natural (evolutionary) adaptation through management practices (e.g., prescribed
fire and other silvicultural treatments) that shorten regeneration times and promote
interspecific competition.

* Promote connected landscapes to facilitate species movements and gene flow, sustain
key ecosystem processes (e.g., pollination and dispersal), and protect critical habitats for
threatened and endangered species.

* Reduce the impact of current anthropogenic stressors such as fragmentation (e.g., by
creating larger management units and migration corridors) and uncharacteristically severe
wildfires and insect outbreaks (e.g., by reducing stand densities and abating fuels).

* Identify and take early proactive action against non-native invasive species (e.g., by using
early detection and rapid response approaches).

* Modify genetic diversity guidelines to increase the range of species, maintain high effective
population sizes, and favor genotypes known for broad tolerance ranges.

*  Where ecosystems will very likely become more water limited, manage for drought- and
heat-tolerant species and populations, and where climate trends are less certain, manage
for a variety of species and genotypes with a range of tolerances to low soil moisture
and higher temperatures.

» Spread risks by increasing ecosystem redundancy and buffers in both natural environ-
ments and plantations.

* Use the paleological record and historical ecological studies to revise and update restora-
tion goals so that selected species will be tolerant of anticipated climate.

* Where appropriate after large-scale disturbances, reset succession and manage for asyn-
chrony at the landscape scale by promoting diverse age classes and species mixes, a variety
of successional stages, and spatially complex and heterogeneous vegetation structure.

* Use the paleological record and historical ecological studies to identify environments
buffered against climate change, which would be good candidates for long-term conser-
vation.

» Establish or strengthen long-term seed banks to create the option of re-establishing
extirpated populations in new/more appropriate locations.

BOX 3.8. Examples of institutional and planning adaptations to improve the

readiness of the USFS to cope with climate change.

* Rapidly assess existing USFS forest plans to determine the level of preparedness to cli-
mate change, examine underlying assumptions about climate, suggest improvements, and
forge a long-term management-science partnership to continually refine information for
resource management decisions.

* Anticipate and plan for more extreme events (e.g, incorporate likelihood of more severe
fire weather and lengthened wildfire seasons in long-range fire management plans) that
may lead to surprises and threshold responses and remove (if possible) future constraints
to timely adaptive responses.

* Use climate and ecological models to organize thinking and understand potential changes
in ecosystem processes, as well as the likely direction and magnitude of future climate
trends and impacts, to explore adaptation options for climate change.

* Adjust management goals based on updated baseline conditions for species and ecosystems
that have been significantly/cumulatively disturbed and are far outside of the historical
range of variation.

* Use the federally mandated Resource Planning Assessment process to link assessments at
the national, regional, and NF scales, and to provide guidance on assessing climate change
impacts, uncertainty, vulnerability, and adaptation options.

* Coordinate with other agencies, as well as the private sector and other stakeholders, to
reduce pollution and other landscape-scale anthropogenic stressors.

49



The US. Climate Change Science Program

50

Drought has occurred across the United States
in recent years, resulting most notably in large
areas of forest mortality in the Southwest
(see Section 3.3.2). Federal, state, and local
governments, as well as private institutions, have
drought management plans, but the National
Drought Policy Commission Report (2000)
stated that the current approach is patchy and
uncoordinated. Climate change is likely to result
in increased drought, with potential interactions
with air quality and fire. Exposure to ozone may
further exacerbate the effects of drought on both
forest growth and stream health (McLaughlin et
al., 2007a; 2007h). Preparedness is an important
element in reducing the potential impacts of
drought on individuals, communities, and the
environment. The development or refinement
of drought plans that incorporate preparedness,
mitigation, and response efforts would address
the current stresses of drought, as well as
begin to address potential adaptations to likely
future droughts. Increased coordination among
local, state, and federal government agencies
on drought planning and drought-related
policies (fire closures, recreation uses, and
grazing management) would help in this
regard. Coordination with the Bureau of
Land Management, whose lands intermingle
extensively with NF land, would be particularly
beneficial. Enhancing the effectiveness of
observation networks and current drought
monitoring efforts would provide information
on which to make management decisions,
particularly in response to the impacts of drought
on aquatic ecosystems, wildlife, threatened and
endangered species, and forest health. Increased
collaboration among scientists and managers
would enhance the effectiveness of prediction,
information delivery, and applied research, and
would help develop public understanding of and
preparedness for drought.

Invasive species are currently a problem
throughout NFs, and disturbances such as fire,
insects, hurricanes, ice storms, and floods
create opportunities for invasive species to
become established on areas ranging from
multiple stands to landscapes. In turn, invasive
plants alter the nature of fire regimes (Williams
and Baruch, 2000; Lippincott, 2000; Pimentel
etal., 2000; Ziska, Reeves, and Blank, 2005)12
as well as hydrological patterns (Pimentel et
al., 2000), in some cases increasing runoff,
erosion, and sediment loads (e.g., Lacey,
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Marlow, and Lane, 1989). Potential increases
in these disturbances under climate change will
heighten the challenges of managing invasive
species. Early detection/rapid response (EDRR,
see Section 3.3.3) focuses on solving small
problems before they become large, unsolvable
problems, and recognizes that proactive
management is more effective than long
delays in implementation. The Olympic Land
Management Plan, for example, recognizes that
invasive species often become established in
small, treatable patches, and are best addressed
at early stages of invasion. Although designed
for invasives, this EDRR approach may also
be appropriate for other types of disturbances,
because it could allow managers to respond
quickly to the impacts of extreme events
(disturbances, floods, windstorms, insect
outbreaks), with an eye toward adaptation.

The USFS allocates considerable resources
toward wildfire management (see Section 3.3.3).
The projected increase in frequency, severity,
and extent of fire under climate change is also
likely to affect watershed condition, soil quality,
erosional processes, and water quantity and
quality in NFs (Wagle and Kitchen, Jr., 1972;
Neary et al., 1999; Spencer, Gabel, and Hauer,
2003; Certini, 2005; Guarin and Taylor, 2005;
Neff, Harden, and Gleixner, 2005; Neary, Ryan,
and DeBano, 2005; Murphy et al., 2006; Deluca
and Sala, 2006; Hauer, Stanford, and Lorang,
2007).

The National Fire Plan describes a wide variety
of approaches to manage wildfire, the most
prominent of which is hazardous fuels reduction.
Fuel abatement approaches include prescribed
fire, wildland fire use (see Section 3.3.3), and
various mechanical methods such as crushing,
tractor and hand piling, tree removal (to produce
commercial or pre-commercial products),
and pruning. Incorporation of additional
climate information into fire management and
planning may enhance current efforts to address
wildfires.3!

Air pollution from a variety of sources decreases
forest productivity, diminishes watershed

31 National Association of State Foresters, 2007:
NASF Resolution No. 2007-1.Issue of Concern: The
role that climate change plays in the severity and size
of wildland fires is not explicitly recognized in the
“National Fire Plan” and the Implementation Plan
for its 120-year Strategy. http://www.stateforesters.
org/resolution/2007-01.pdf.
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condition, and deleteriously affects aquatic
and terrestrial food webs in NFs (see Section
3.3.2). Although droughts and fires within
NFs affect air quality, the USFS actively seeks
to directly reduce these stressors and their
impacts. In contrast, reducing the deposition
of pollutants originating from outside NFs is
beyond the agency’s control, and thus the USFS
mainly works to mitigate the impacts of these
stressors. To directly reduce these stressors, the
USFS would need to increase coordination with
other agencies (federal, state, and local) and the
private sector.

Efforts to reduce fragmentation and land use
change near NFs by creating habitat corridors,
increasing the size of management units, and
identifying high-value conservation lands
outside of NFs that could be managed in a
coordinated way with the USFS will yield
ecological benefits regardless of climate
change. Large, connected landscapes will be
even more critical as native species attempt to
migrate or otherwise adapt to climate change.
As is the case with air pollution, reducing
these stressors with this approach will require
increased coordination across federal, state,
and local agencies as well as with private
landowners.

One of the legacies of past management in NFs
(see Section 3.3.2.1) is the presence of large
landscapes consisting of even-aged stands,
which are vulnerable to large-scale change
by fire, insects, disease, and extreme weather
events and their interactions. Management
that emphasizes diverse, uneven age stands
will benefit many NF ecosystems regardless
of climate change. This approach would also
likely enhance ecosystem resilience to climate
change.

3.4.3.3 Adaptation Options

Forestalling Ecosystem Change

Create Resistance to Change

Notwithstanding the importance of dynamic
approaches to change and uncertainty, one set
of adaptive options is to manage ecosystems and
resources so that they are better able to resist the
influence of climate change (Parker et al., 2000;
Suffling and Scott, 2002). From rare species
with limited available habitat to high-value
forest plantation investments near rotation,
maintaining the status quo for a limited period

of time may be the only or best option in some
cases. Creating resistance includes improving
ecosystem defenses against climate effects
per se, but also creating resistance against
climate-exacerbated disturbance impacts.
Conditions with low sensitivity to climate will
be those most likely to accommaodate resistance
treatments, and high-sensitivity conditions will
require the most intensive efforts to maintain
current species and ecological functions.

For conditions with low sensitivity to climate,
maintaining ecosystem health and biodiversity
is an important adaptation approach, building
on current understanding and management
practices. Healthy forest stands recover more
quickly from insect disturbances than do stressed
stands, and conservation of biodiversity would
aid in successful species migrations (Lemmen
and Warren, 2004). Maintaining key processes,
such as hydrological processes and natural
disturbances, would be important. Management
for resistance might require ensuring reasonable
use of water from forests, and appropriate road
closures to minimize invasive species transport
(Christen and Matlack, 2006).

Fragmentation and land-use changes that
are already problematic may be worsened
under climate change due to shifts in species
behaviors and changed habitat requirements.
Anticipating these impacts for high-risk, high-
value, and sensitive resources may require
adopting landscape management practices that
enable species movements. Creating larger
management unit sizes, broad habitat corridors,
and continuity of habitat would increase
resistance of animal species to climate change
by improving their ability to migrate. In this
regard, enhancing coordination among the
multiple agencies that manage adjacent lands
to ensure habitat continuity will be essential
(Malcolm et al., 2006).

In the arid West, aggressive prophylactic
actions may be needed to increase resistance of
ecosystems from risks of climate-exacerbated
disturbances such as drought, insect outbreak,
and uncharacteristically severe wildfire.
Resistance practices include thinning and
fuels abatement treatments at the landscape
scale to reduce crown fire potential and risk
of insect epidemic, maintaining existing
fuelbreaks, strategically placed area treatments
that will reduce fuel continuity and drought
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susceptibility of forests, creating defensible fuel
profile zones around high-value areas (such as
WUI, critical habitat, or municipal watersheds),
and similar treatments. Intensive and aggressive
fuelbreaks may be necessary around highest-
risk or highest-value areas, such as WUI or
at-risk species, while mixed approaches may
best protect habitat for biodiversity and general
forest zones (Wheaton, 2001).

With respect to climate-related insect and
disease outbreaks, traditional silvicultural
methods may be applied creatively. These may
involve intensive treatments, such as those used
in high-value agricultural situations: resistance
breeding, novel pheromone applications (such
as sprayable micro-encapsulated methods),
complex pesticide treatments, and aggressive
fuelbreaks. Abrupt invasions, changes in
behavior and population dynamics, and long-
distance movements of native and non-native
species may occur in response to changing
climates. Monitoring non-native species,
and taking aggressive early and proactive
actions at key migration points to remove
and block invasions, are important steps to
increase resistance. However, monitoring
species range distributions may indicate that
native species, considered non-native to a
particular area, may be migrating. Evaluating
the original objectives and the changing local
assemblages of species may be necessary before
taking aggressive action. Conditions could be
cumulatively adjusting to a changing climate,
and maintenance of the status quo may not be
feasible.

Efforts to increase resistance may be called
for in other high-value situations. Building
resistance to exacerbated effects of air pollution
from climate change may require that aggressive
thinning and age-control silvicultural methods
are applied at broad landscape scales, that mixed
species plantations be developed, that broader
genetic parameters be used in plantations, or
that plantations are switched to resistant species
entirely (Papadopol, 2000).

Resisting climate change influences on
natural forests and vegetation over time
will almost always require increasingly
aggressive treatments, accelerating efforts and
investments over time, and a recognition that
eventually these efforts may fail as conditions
cumulatively change. Critical understanding
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of the changing environmental, social, and
economic impacts of climate change will be
needed to evaluate the success of management
approaches to resist the influence of climate
change. Creating resistance in most forest and
rangeland situations to directional change is
akin to “paddling upstream,” and eventually
conditions may change so much that resistance
is no longer possible. For instance, climate
change in some places will drive environments
to change so much that site capacities shift from
favoring one species to another, and a type
conversion occurs.

Maintaining prior species may require
significant extra and repeated efforts to supply
needed nutrients and water, remove competing
understory, fertilize young plantations, develop
a cover species, thin, and prune. More seriously,
forest conditions that have been treated to
resist climate-related changes may cross
thresholds and convert (i.e., be lost) through
extreme events such as wildfire, ice storm,
tornado, insect epidemic, or drought, resulting
in significant resource damage and loss. For
this reason, in some situations, resistance
options may best be applied in the short term
and for projects with short planning horizons
and high value, such as short-rotation biomass
or biofuels plantings. Alternative approaches
that work with processes of change, rather than
against the direction of climate-related change,
may enable inevitable changes to happen more
gradually over time, and with less likelihood
of cumulative, rapid, and catastrophic impact.
For example, widely spaced thinning or
shelterwood cuttings that create many niches for
planted or naturally established seedlings may
facilitate adaptation to change on some sites. In
selecting these alternative approaches, a holistic
analysis may be required to identify the break
point beyond which intervention to natural
selection and adaptation to climate changes
may not be possible or cannot be managed at
reasonable cost.

Promote Resilience to Climate Change

Resilient ecosystems are those that not only
accommodate gradual changes related to
climate, but resile (return to a prior condition
of that ecosystem) after disturbance. Promoting
resilience is the most commonly suggested
adaptive option discussed in a climate-change
context (e.g., Dale et al., 2001; Spittlehouse and
Stewart, 2003; Price and Neville, 2003), but
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has its drawbacks as climate
continues to change. Resilience
can be increased through
management practices similar
to those described for resisting
change, but applied more
broadly, and specifically aimed
at coping with disturbance (Dale
etal., 2001; Wheaton, 2001). As
with any adaptation approach,
land manager objectives
will vary—e.g., protection;
management for endangered
species, commodities, or low
fire vulnerability—and these
choices may or may not result in
a decision to resile the system to
a former state. An understanding
of the ecological consequences of
the changing climate is a critical component of
identifying adaptation strategies.

An example of promoting resilience in forest
ecosystems is a strategy that combines practices
to reduce fire or insect and disease outbreaks
(resistance) with deliberate and immediate plans
to encourage return of the site, post-disturbance,
to species reflective of its prior condition
(resilience). Given that the plant establishment
phases tend to be most sensitive to climate-
induced changes in site potential, intensive
management dedicated to the revegetation
period through the early years of establishment
may enable retention of the site by desired
species, even if the site is no longer optimal for
those species (Spittlehouse and Stewart, 2003).
Practices could include widely spaced thinnings
or shelterwood cuttings to promote resilience
with living stands, and rapid treatment of forests
killed by fire or insects. In forests killed by
fire or other disturbance, resilience could be
promoted by maintaining some degree of shade
as appropriate for the forest type; intensive site
preparation to remove competing vegetation;
replanting with high-quality, genetically
appropriate, and diverse stock; diligent stand-
improvement practices; and minimizing
invasion of non-native species (Dale et al., 2001;
Spittlehouse and Stewart, 2003). Many of these
intensive forestry practices may have undesired
effects on other elements of ecosystem health,
and thus have often come under dispute.
However, if the intent is to return a forest stand
to its prior condition after disturbance under

changing climate (i.e., to promote resilience),
then deliberate, aggressive, intensive, and
immediate actions may be necessary.

Similar to the situation with regard to resistance
options, the capacity to maintain and improve
resilience will, for many contexts, become more
difficult as changes in climate accumulate and
accelerate over time. These options may best be
exercised in projects that are short-term, have
high value (e.g., commercial plantations), or
under ecosystem conditions that are relatively
insensitive to the potential climate change effects
(e.g., warming temperatures). Climate change
has the potential to significantly influence the
practice and outcomes of ecological restoration
(Harris et al., 2006), where the focus is on
tying assemblages to one place. A strategy
that combines practices to restore vigor and
redundancy (Markham, 1996; Noss, 2001) and
ecological processes (Rice and Emery, 2003), so
that after a disturbance these ecosystems have
the necessary keystone species and functional
processes to recover to a healthy state even if
species composition changes, would be the goal
of managing for ecosystem change.

Managing for Ecosystem Change

Enable Forests to Respond to Change

This suite of adaptation options intentionally
plans for change rather than resisting it, with a
goal of enabling forest ecosystems to naturally
adapt as environmental changes accrue. Given
that many ecological conditions will be moving
naturally toward significant change in an attempt
to adapt (e.g., species migration, stand mortality
and colonization events, changes in community
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composition, insect and disease outbreaks, and
fire events), these options seek to work with the
natural adaptive processes. In so doing, options
encourage gradual adaptation over time, thus
hoping to avoid sudden thresholds, extreme
loss, or conversion that may occur if natural
change is cumulatively resisted.

Depending on the environmental context,
management goals, and availability and
adequacy of modeling information (climate
and otherwise), different approaches may be
taken. In this context, change is assumed to
happen—either in known directions, with goals
planned for a specific future, or in unknown
directions, with goals planned directly for
uncertainty. Examples of potential practices
include the following:

1. Assist transitions, population adjustments,
range shifts, and other natural adaptations.
Use coupled and downscaled climate and
vegetation models to anticipate future regional
conditions, and project future ecosystems
into new habitat and climate space. With
such information, managers might plan for
transitions to new conditions and habitats,
and assist the transition—e.g., as appropriate,
move species uphill, plan for higher-elevation
insect and disease outbreaks, reduce existing
anthropogenic stresses such as air quality
or land cover changes, anticipate species
mortality events and altered fire regimes, or
consider loss of species’ populations on warm
range margins and do not attempt restoration
there (Ledig and Kitzmiller, 1992; Parker et
al., 2000; Spittlehouse and Stewart, 2003).
Further examples might be to modify rotation
lengths and harvest schedules, alter thinning
prescriptions and other silvicultural treatments,
consider replanting with different species, shift
desired species to new plantation or forest
locations, or take precautions to mitigate likely
increases in stress on plantation and forest
trees.

A nascent literature is developing on the
advantages and disadvantages of “assisted
migration,” the intentional movement of
propagules or juvenile and adult individuals into
areas assumed to become their future habitats
(Halpin, 1997; Collingham and Huntley, 2000;
McLachlan, Hellmann, and Schwartz, 2007).
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It is important to not generalize assumptions
about habitat and climate change in specific
areas. Local climate trajectories may be far
different from state or regional trends, and
local topography and microclimatology interact
in ways that may yield very different climate
conditions than those given by broad-scale
models. In mountainous terrain especially,
the climate landscape is patchy and highly
variable, with local inversions, wind patterns,
aspect differences, soil relations, storm tracks,
and hydrology influencing the weather that a
site experiences. Sometimes lower elevations
may be refugial during warming conditions,
as in inversion-prone basins, deep and narrow
canyons, riparian zones, and north slopes.
Such patterns, and occupation of them by
plants during transitional climate periods, are
corroborated in the paleoecological record
(Millar and Woolfenden, 1999; Millar et al.,
2006). Additionally, land use change and
agricultural practices can alter local and
regional precipitation and climate patterns
(Foley et al., 2005; Pielke, Sr. et al., 2006).

Despite the challenges in mountainous terrain,
anticipating where climate and local species
habitats will move will become increasingly
important. On-the-ground monitoring of
native species gives insight into what plants
themselves are experiencing, and can suggest
the directions of change and appropriate
natural response at local scales. This can allow
management strategies that mimic emerging
natural adaptive responses. For instance, new
species mixes (mimicking what is regenerating
naturally), altered genotype selections, modified
age structures, and novel silvicultural contexts
(e.g., selection harvest versus clearcut) may be
considered.

2. Increase Redundancy and Buffers. This
set of practices intentionally manages for an
uncertain but changing future, rather than a
specific climate future. Practices that involve
spreading risks in diverse opportunities rather
than concentrating them in a few are favored;
using redundancy and creating diversity are
key. Forest managers can facilitate natural
selection and evolution by managing the natural
regeneration process to enhance disturbances
that initiate increased seedling development and
genetic mixing, as has been suggested for white
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pines and white pine blister rust (Schoettle
and Sniezko, forthcoming). Managers might
also consider shortening generation times by
increasing the frequency of regeneration, and
increasing the effectiveness of natural selection
by managing for high levels of intraspecific
competition; in other words, by ensuring that
lots of seedlings get established when stands
are regenerated. This diversification of risk
with respect to plantations can be achieved, for
instance, by spreading plantations over a range
of environments rather than within the historic
distribution or within a modeled future location.
Options that include using diverse environments
and even species margins will provide additional
flexibility. A benefit of redundant plantings
across a range of environments is that they can
provide monitoring information if survival
and performance are measured and analyzed.
Further, plantations originating as genetic
provenance tests and established over the
past several decades could be re-examined
for current adaptations. This diversification
of risk could also be achieved using natural
regeneration and successional processes on
NFs. A range of sites representing the diversity
of conditions on a NF could be set aside after
disturbance events to allow natural regeneration
and successional processes to identify the
most resistant species and populations. Other
examples include planting with mixed species
and age classes, as in agroforestry (Lindner,
Lasch, and Erhard, 2000); increasing locations,
sizes, and range of habitats for landscape-scale
vegetation treatments; assuring that fuels
are appropriately abated where vegetation is
treated; and increasing the number of rare
plant populations targeted for restoration, as
well as increasing population levels within
them (Millar and Woolfenden, 1999). In the
same way, opportunistic monitoring, such as
horticultural plantings of native species in
landscaping, gardens, or parks, may provide
insight into how species respond in different
sites as climate changes, as well as engaging the
public in such information gathering.

3. Expand Genetic Diversity Guidelines.
Existing guidelines for genetic management
of forest plantations and restoration projects
dictate maintenance of and planting with local
germplasm. In the past, small seed zones, used
for collecting seed for reforestation or restoration,
have been delineated to ensure that local gene

pools are used and to avoid contamination of
populations with genotypes not adapted to the
local site. These guidelines were developed
assuming that neither environments nor climate
were changing—i.e., a static background.
Relaxing these guidelines may be appropriate
under assumptions of changing climate (Ledig
and Kitzmiller, 1992; Spittlehouse and Stewart,
2003; Millar and Brubaker, 2006; Ying and
Yanchuk, 2006). In this case, options could be
chosen based on the degree of certainty known
about likely future climate changes and likely
environmental changes (e.g., air quality). If
sufficient information is available, germplasm
could be moved in the anticipated adaptive
direction; for instance, rather than using local
seed, seed from a warmer (often, downbhill)
current population would be used. By contrast, if
an uncertain future is accepted, expanding seed
zone sizes in all directions and requiring that
seed collections be well distributed within these
zones would be appropriate, as would relaxing
seed transfer guidelines to accommodate
multiple habitat moves, or introducing long-
distance germplasm into seed mixes. Adaptive
management of this nature is experimental by
design, and will require careful documentation
of treatments, seed sources, and outplanting
locations in a corporate data structure to
learn from both failures and successes of such
mixes.

Traditional best genetic management practices
will become even more important to implement
under changing climates. Paying attention not
only to the source but the balance of genetic
diversity within seedlots and outplanting
collections (i.e., maintaining high effective
population sizes) is prudent: approaches
include maximizing the number of parents,
optimizing equal representation by parents (e.g.,
striving for equal numbers of seeds/seedlings
per family), and thinning plantations such
that existing genetic diversity is not greatly
reduced. Genotypes known or selected for
broad adaptations could also be favored. By
contrast, although economic incentives may
override, using a single or few genotypes (e.g.,
a select clone or small clonal mix) is a riskier
choice in a climate change context.

4. Manage for Asynchrony and Use
Establishment Phase to Reset Succession to
Current Conditions. Changing climates over
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paleoecologic timescales have repeatedly
reset ecological community structure (species
diversity) and composition (relative abundances)
as plants and animals have adapted to natural
changes in their environments. To the extent that
climate acts as a region- and hemispheric-wide
driver of change, the resulting shifts in biota
often occur as synchronous changes across the
landscape (Swetnam and Betancourt, 1998).
At decadal and century scales, for instance,
recurring droughts in the West and windstorms
in the East have synchronized forest species,
age composition, and stand structure across
broad landscape. These then become further
vulnerable to rapid shifts in climate, such as
is occurring at present, which appear to be
synchronizing forests through massive drought-
insect-related diebacks. An opportunity exists
to proactively manage the early successional
stages that follow widespread mortality, by
deliberately reducing synchrony.32 Asynchrony
can be achieved through a mix of activities
that promotes diverse age classes, species
mixes, stand diversities, genetic diversity,
etc., at landscape scales. Early successional
stages are likely the most successful (and
practical) opportunities for resetting ecological
trajectories that are adaptive to present rather
than past climates, because this is the best
chance for widespread replacement of plants.
Such ecological resetting is evidenced in
patterns of natural adaptation to historic climate
shifts (Davis and Shaw, 2001).

5. Establish ““Neo-Native” Plantations and
Restoration Sites. Information from historic
species ranges and responses to climate
change can provide unique insight about
species behaviors, ecological tolerances, and
potential new habitats. For instance, areas that
supported species in the past under similar
conditions to those projected for the future
might be considered sites for new plantations
or “neo-native” stands of the species. These
may be well outside the current species range,
in locations where the species would otherwise
be considered exotic. For instance, Monterey
pine (Pinus radiata), endangered throughout
its small native range, has naturalized along
the north coast of California far disjunct from

32 Mulholland, P., J. Betancourt, and D.D. Breshears,
2004: Ecological Impacts of Climate Change: Re-
port From a NEON Science Workshop. American
Institute of Biological Sciences, Tucson, AZ.
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its present native distribution. Much of this
area was paleohistoric range for the pine,
extant during climate conditions that have been
interpreted to be similar to expected futures in
California (Millar, 1999). Using these locations
specifically for “neo-native” conservation
stands, rather than planning for the elimination
of the trees as undesired exotics (which is the
current management goal), is an example of
how management thinking could accommodate
a climate-change context (Millar, 1998). This
option is relevant to both forest plantation and
ecological restoration contexts.

6. Promote Connected Landscapes. Capacity
to move (migrate) in response to changing
climates is key to adaptation and long-term
survival of plants and animals in natural
ecosystems (Gates, 1993). Plants migrate, or
“shift ranges” by dying in unfavorable sites and
colonizing favorable edges, including internal
species’ margins. Capacity to do this is aided
by managing for porous landscapes; that is,
landscapes that contain continuous habitat with
few physical or biotic restrictions, and through
which species can move readily (recruit,
establish, forage) (Halpin, 1997; Noss, 2001).
Promoting large forested landscape units, with
flexible management goals that can be modified
as conditions change, will encourage species
to respond naturally to changing climates
(Holling, 2001). This enables managers to work
with, rather than against, the flow of change.
Evaluating and reducing fragmentation, and
planning cumulative landscape treatments
to encourage defined corridors as well as
widespread habitat availability, is a proactive
approach.

7. Realign Significantly Disrupted Conditions.
Restoration treatments are often prescribed for
forest species or ecosystems that have been
significantly or cumulatively disturbed and are
far outside natural ranges of current variation.
Because historical targets, traditionally
used as references for restoration, are often
inappropriate in the face of changing climates,
re-alignment with current process rather than
restoration to historic pre-disturbance condition
may be a preferred choice (Millar and Brubaker,
2006; Harris et al., 2006; Willis and Birks,
2006). In this case, management goals seek
to bring processes of the disturbed landscape
into the range of current or anticipated future
environments (Halpin, 1997). An example
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comes from the Mono Lake ecosystem in the
western Great Basin of California (National
Research Council, 1987; Millar and Woolfenden,
1999). A basin lake with no outlet, Mono Lake
is highly saline, thus is naturally fishless but
rich in invertebrate endemism and productivity,
provides critical habitat for migratory waterfowl,
and supports rich communities of dependent
aquatic and adjacent terrestrial animal species.
In 1941, the Los Angeles Department of Water
and Power diverted freshwater from Mono
Lake’s tributaries; the streams rapidly dried
and Mono Lake’s level declined precipitously.
Salinity increased, groundwater springs
disappeared, and ecological thresholds were
crossed as a series of unexpected consequences
unfolded, threatening Mono Lake’s aquatic and
terrestrial ecosystems. An innovative solution
involved a 1990 court-mediated re-alignment
process. Rather than setting pre-1941 lake levels
as a restoration goal, a water-balance model
approach, considering current climates as well
as future climatic uncertainties, was used to
determine the most appropriate lake level for
present and anticipated future conditions.33

Options Applicable to Both Forestalling Change
and Managing for Change

Anticipate and Plan for Surprise and Threshold
Effects

Evaluate potential for indirect and surprise
effects that may result from cumulative climate
changes or changes in extreme weather events.
This may involve thinking outside the range of
events that have occurred in recent history. For
example, reductions in mountain snowpacks
lead to more bare ground in spring, so that
“average” rain events run off immediately rather
than being buffered by snowpacks, and produce
extreme unseasonal floods (e.g., Yosemite
Valley, May 200534). Similarly, without
decreases in annual precipitation, and even with
increasing precipitation, warming minimum

33 State of California, 1994: Decision and Order
Amending Water Right Licenses to Establish Fisher
Protection Flows in Streams Tributary to Mono Lake
and to Protect Public Trust Resources at Mono Lake
and in the Mono Lake Basin. State Water Resources
Board Decision 1631, pp.1-212.

34 Dettinger, M., J. Lundquist, D. Cayan, and J. Meyer,
2006: The 16 May 2005 Flood in Yosemite National
Park--A Glimpse into High-Country Flood Gen-
eration in the Sierra Nevada. Presentation at the
American Geophysical Union annual meeting, San
Francisco. http://www.fs.fed.us/psw/cirmount/meet-
ings/agu/pdf2006/dettinger_etal _poster AGU2006.
pdf

temperatures are projected to translate to
longer dry growing-season durations. In many
parts of the West, especially Mediterranean
climate regions, additional stresses of longer
summers and extended evapotranspiration are
highly likely to push plant populations over
thresholds of mortality, as occurred in the
recent multi-year droughts throughout much
of the West (Breshears et al., 2005). Evidence
is accumulating to indicate that species
interactions and competitive responses under
changing climates are complex and unexpected
(Suttle, Thompsen, and Power, 2007). Much has
been learned from paleo-historic studies about
likely surprises and rapid events as a result of
climate change. Anticipating these events in
the future means planning for more extreme
ranges than in recent decades, and arming
management systems accordingly (Millar and
Woolfenden, 1999; Harris et al., 2006; Willis
and Birks, 2006).

Experiment with Refugia

Plant ecologists and paleoecologists recognize
that some environments appear more buffered
against climate and short-term disturbances,
while others are sensitive. If such “buffered”
environments can be identified locally,
they could be considered sites for long-term
retention of plants, or for new plantations
(commercial or conservation). For instance,
mountainous regions are highly heterogeneous
environmentally; this patchiness comprises a
wide range of micro-climates within the sites.
Further, unusual and nutritionally extreme
soil types (e.g., acid podsols, limestones, etc.)
have been noted for their long persistence of
species and genetic diversity, resistance to
invasive species, and long-lasting community
physiognomy compared with adjacent fertile
soils (Millar, 1989). During historic periods of
rapid climate change and widespread population
extirpation, refugial populations persisted
on sites that avoided the regional climate
impacts and the effects of large disturbance.
For example, Camp (1995) reported that
topographic and site characteristics of old-
growth refugia in the Swauk Pass area of the
Wenatchee National Forest were uniquely
identifiable. These populations provided both
adapted germplasm and local seed sources
for advance colonization as climates naturally
changed toward favoring the species. In
similar fashion, a management goal might
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focus specific attention to protect populations
that currently exist in environmentally and
climatically buffered, cooler, or unusually
mesic environments.

3.4.4 Prioritizing Management
Responses in Situations of
Resource Scarcity

Species, plant communities, regional vegetation,
and forest plantations will respond to changing
climates individualistically. Some species and
situations will be sensitive and vulnerable,
while others will be naturally buffered and
resilient to climate-influenced disturbances
(Holling, 2001; Noss, 2001). Management goals
for species and ecosystems across the spectrum
of NFs also vary for many reasons. As a result,
proactive climate planning will reflect a range
of management intensities. Some species and
ecosystems may require aggressive treatment
to maintain viability or resilience, others may
require reduction of current stressors, and
others less intensive management, at least in
the near future.

While evaluating priorities has always been
important in resource management, the
magnitude and scope of anticipated needs,
combined with diminishing availability of
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human resources, dictate that priorities be
evaluated swiftly, strictly, and definitively. A
useful set of guidelines for certain high-demand
situations comes from the medical practice of
triage (Cameron et al., 2000). Coming from
the French triare, to sort, triage approaches
were developed from the need to prioritize the
care of injured soldiers in battlefield settings
where time is short, needs are great, and
capacity to respond is limited. Well-established
emergency and disaster triage steps can be
modified to fit resource needs when conditions
cannot be handled with traditional planning
or institutional capacity. Triage in a natural-
resource context sorts management situations
(“patients”) into categories according to
urgency, sensitivity, and capacity of available
resources to achieve desired goals (“survival”).
Cases are rapidly assessed and sorted into three
to five major categories (“color tags”) that
determine further action:

1. Red: Significant ongoing emergency;
immediate attention required. Cases in this
category are extremely urgent, but may be
successfully treated with immediate attention
given available resources. Without attention,
they will rapidly fail; in the medical sense,
the patient will die soon if untreated. These
cases receive the highest priority for treatment
and use of available resources. Depending on
available resources, some of these cases may be
assigned black rather than red.

2. Yellow: Strong to medium potential for
emergency. Cases in this category are sensitive
to disruption, vulnerable due to history or
disturbance (degree and extent of trauma), have
the capacity with small additional disturbance
to become rapidly worse, but are marginally
stable at the time of assessment. These cases
have medium priority.

3. Green: Low likelihood for emergency
conditions. Cases in this category may have
some problems but overall are relatively
resistant to disturbance, have low stress or
high capacity to deal with stress, a history of
low vulnerability, and show signs of retaining
stability at least in the short term with little
need for intervention. These cases receive low
priority, but conditions are monitored regularly
for change.
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4. Black: Conditions altered beyond hope
of treatment. Cases in this category are so
disrupted, altered, and weakened that chances
of successfully treating them with available
resources are nil. In medical context, patients
are either dead or unable to be kept alive with
existing capacity. These cases have the lowest
priority in the short term, and alternative
resolutions have to be developed.

While triage is valuable to practice under
conditions of scarce resources or apparently
overwhelming choice, it is not viable as a
long-term or sole-use approach to priority-
setting. Other approaches may be used for
quick prioritizing of traditional management
plans and practices. An example would be
rapid assessments of current national forest
land management plans, performed by teams
of climate experts that visit NFs. Teams would
rapidly review planning documents, interview
staff, and visit representative field sites;
they would conclude their visits with a set of
recommendations on what aspects of the overall
local forest management practices and plans are
in (1) immediate need of significant revision,
(2) need of revision in a longer time frame, and
(3) no need of revision; already climate-savvy.
Similar integrated threat assessment tools
are being developed that help managers and
decision-makers grasp categories of urgency.

In situations where available resources can be
augmented, where time is not a critical factor,
and where more information can be obtained,
traditional evaluations and priority-setting
will be most appropriate. Triage may be used,
however, at any time and at any scale where
urgency arises, and when demands become
greater than normally managed. The common
alternative under these conditions, reacting
to crises chaotically and without rules of
assessment, will achieve far less success in the
long run than triage-based approaches.

3.4.5 Barriers to Adaptation
Approaches

The USFS will need to overcome various
barriers to take advantage of opportunities
to implement adaptations to climate change.
Insufficient resources, various uncertainties,
checkerboard ownership patterns, lengthy
planning processes, agency targets and reward
systems, and air quality standards that restrict

the use of prescribed fire are examples of such
barriers. The need to coordinate with other
agencies, the private sector, and the general
public may either enhance or impede the
ability of the USFS to implement management
adaptations. How these other stakeholders
perceive climate change and react to USFS
management proposals will strongly influence
how the USFS can ultimately adapt.

Developing innovative adaptations to climate
change will require creative thinking, coupled
with improved scientific understanding of
proposed new approaches. The USFS may need
to encourage planners and managers to relax
perceptions about rules and other constraints
that may, in reality, afford enough flexibility
to try something new. Scientists would then
need to be given the resources and support to
test new approaches that are developed through
this innovative process.

3.5 CONCLUSIONS AND
RECOMMENDATIONS

3.5.1 Climate Change and
National Forests

The mission of the NFs has broadened over
time, from protecting water and producing
timber to managing for multiple resources
and now, to sustaining the health, diversity,
and productivity of the nation’s forests and
grasslands to meet the needs of present and
future generations. Increasingly ecosystem
management, ecological integrity, resilience,
and sustainability have become important
concepts and goals of NF management.

The management of NF lands has broadened
to include involvement by several other federal
agencies, including EPA, the Fish and Wildlife
Service, the National Marine Fisheries Service,
and the Bureau of Land Management, as well
as coordination on management of lands within
NFs for national systems such as the Wilderness
Preservation System, National Trails, National
Monuments, and Wild and Scenic Rivers. The
checkerboard ownership patterns of many of the
western forests, the scattered private in-holdings
of many NFs, and the scattered land parcels
of the eastern forests result in the important
need to coordinate with other federal and state
agencies and with private land owners. Public
involvement has increased. This broader level
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of participation—by the public and other federal
and state agencies, as well as the assortment of
different management units—is an asset, but
also can be a challenge for coordinating and
responding to novel situations such as climate
change.

One of the challenges to the USFS will be the
diversity of climatic changes experienced by
NFs. Not only will each NF experience regional
and site-specific changes in temperature and
precipitation, but the forests are likely to
experience changes in frequency, intensity,
timing, and locations of extreme weather
events such as the occurrence of ice storms;
wind events such as derechos, tornados, and
hurricanes; and flooding associated with high-
intensity rainfall events or with shifts between
rain and snow events. Local land management
goals differ greatly by NF and grassland, and by
management units within NFs (e.g., wilderness,
matrix working forests associated with the
Northwest Forest Plan, ski areas, campgrounds,
etc). Thus, no single approach to adaptation to
climate change will fit all NFs. This diversity
of climatic changes and impacts will interact
with the diversity of stressors, the diversity of
ecosystems, and the diversity of management
goals across the NFs—in short, responses to
climate change will need to reflect local and
regional differences in climate, ecosystems, and
the social and economic settings.

The NFs have, in many aspects, begun to address
many of the challenges of climate variability
and change—changes to historic disturbance
regimes, historically unprecedented epidemics
of native insects, large-scale forest mortality,
extreme and unseasonal weather events, spread
of non-native invasive species, drought, fuels
accumulation, and ecosystem fragmentation.
Current management approaches include
landscape-scale planning and coordinated
agency planning for fire suppression, regional
water management, and coordinated agency
efforts for invasive species, among others.

Adaptation options for climate-sensitive
ecosystems encompass three approaches: no
active planning for a changing environment,
reaction to a changing disturbance regime, and
anticipatory adaptation actions. The rationale for
each adaptation approach involves consideration
of the costs and benefits associated with the
ecological, social, and economic components
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under the changing climate, the available
information on future climatic conditions, and
other technical and institutional concerns. In
some cases, the choice of no active planning
could reflect short-term goals on landscapes
where the risk of climate change impacts may be
minimal in the short term, for ecosystems with
low sensitivity to climate change, where the
uncertainty is great (climate variability large,
potential impacts low), or where the resources
to manage a particular ecosystem service
jeopardized by climate change would be better
used to manage other ecosystem resources.
Responding to a climate-induced changing
disturbance (i.e., implementing adaptations
after disturbances occur) might be justified
in situations where managers determine
that adjustments to historical management
approaches are needed eventually, but are
best made during or after a major climatic or
disturbance event. In this instance, adaptive
actions are incorporated after the disturbance
occurs. The third option involves anticipating
and specifically preparing for climate change
opportunities and impacts. The choice involves
using the best available information about
future climate and environmental conditions,
and the best available information about the
societal context of forest management, to begin
making changes to policy and on-the-ground
management now, as well as when future
windows of opportunity open. Each response
may be appropriate in some circumstances and
not in others.

3.5.2 Management Response
Recommendations

3.5.2 | Integrate Consideration of
Climate Change across All Agency
Planning Levels

Adaptation strategies may vary based on
the spatial and temporal scales of decision
making within the USFS. The integration of
climate change and climate change impacts on
ecosystem services into policy development and
planning across all levels of the agency—USFS
strategic goals, Resource Planning Act (RPA)
Assessment, NF plans, multi-forest plans,
project planning—could facilitate a cohesive
identification of opportunities and barriers
(institutional, ecological, social). Planning
at regional or national scales may involve
acceptance of different levels of uncertainty
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and risk than appropriate at local (e.g., NF
or watershed) scales. The current approach
responds to the legislative requirement to
address climate change analyses within the
strategic national level through the RPA
Assessment. National analyses associated with
RPA offer the opportunity to develop potential
approaches to link assessments at the scale of
the national level, regional, multi-forest and NF.
More guantitative approaches may be available
at the national/regional scales, providing
strategic guidance for broad consideration of
climate change opportunities and impacts to
management activities at finer scales.

3.5.2.2 Reframe the Role of Uncertainty
in Land Management: Manage for Change

Current ecological conditions of NFs are
projected to change under a changing climate,
along with social and economic changes. The
challenge for the USFS will be to determine
which ecosystem services and which attributes
and components of biodiversity can be sustained
or achieved through management under a
changing climate. There will be a need to
anticipate and plan for surprise and threshold
effects that are at once difficult to predict
with certainty yet certain to result from
the interaction of climate change and other
stressors. Rather than targeting a single desired
future condition, avoiding a range of undesirable
future conditions may be more effective

There may also be a need to shift focus
to managing for change, setting a goal of
desired future function (processes, ecosystem
services), and managing current and future
conditions (structure, outputs), which may be
quite dynamic because of a changing climate.
Rapid changes that are expected in physical
conditions and ecological responses suggest that
management goals and approaches will be most
successful when they emphasize ecological
processes rather than focus on structure and
composition. Under a changing climate,
embracing uncertainty will necessitate a careful
examination of various underlying assumptions
about climate, climate change, ecological
processes, and disturbances. Specifically, the
USFS will need to re-evaluate (1) the dynamics
of ecosystems under disturbances influenced
by climate; (2) current management options
as influenced by climate; and (3) important
assumptions and premises about the nature

of disturbances (e.g., fire, insect outbreaks,
diseases, extreme climate-related events, and
the interactions among these disturbances)
that influence management philosophy and
approaches. Our assumptions about the climate
sensitivity of best management practices,
genetic diversity guidelines, restoration
treatments, and regeneration guidelines may
need to be revisited. Opportunities to test these
assumptions through management activities and
research experiments will be valuable. Current
management approaches offer a good platform
to reframe these strategies to address uncertain
and varying climates and environments of the
future.

3.5.2.3 Nurture and Cultivate Human
Capital within the Agency

The USFS has a long tradition of attracting
and retaining highly qualified employees.
The capacity of the agency to address climate
change may require the staff within NFs
to have a more technical understanding
of climate change, as well as building the
adaptive capacity of the social and economic
environments in which they work. Specifically,
the USFS could provide opportunities to
develop a better technical understanding of
climate and its ecological and socioeconomic
impacts, as well as options for adaptation and
mitigation in NFs through the many training
opportunities that currently exist within the
USFS, including the silvicultural certification
program, regional integrated resource training
workshops, and regional training sessions for
resource staff. New opportunities to share
training of resource managers with other natural
resource agencies could also enhance the ability
of the USFS to address climate change in
resource management. Additionally, increased
awareness and knowledge of climate change
could be transferred through the development of
managers’ guides, climate primers, management
toolkits, a Web clearinghouse, and video
presentations. Opportunities for managers to
share information on the success or failure
of different adaptation approaches will be
critical.

The skill set necessary to address the challenge
of managing natural resources under a changing
climate may need to be examined. Staffing
in areas such as silviculture, forest genetics
and tree breeding, entomology (including

61




The US. Climate Change Science Program

62

taxonomy), and insect control has declined.
Access to this knowledge will be critical; the
challenge will be how to staff internally, or
to develop relationships with experts in other
federal or state agencies, universities, or the
private sector.

Resource management is challenging in today’s
environment, and climate change will increase
that challenge. Line officers and resource staff
are faced with—and will continue to be faced
with—the challenge of making decisions in
an uncertain environment. Facilitation of a
learning environment, where novel approaches
to addressing climate change impacts and
ecosystem adaptation are supported by the
agency, will support USFS employees as they
attempt to achieve management goals in the face
of climate uncertainty and change. Scientists and
managers will sometimes be called upon to sift
through apparently conflicting approaches to
understanding climate impacts on ecosystems.
What may appear as “mistakes” are, in fact,
opportunities to learn the technical issues
and conditions for assessing and using such
approaches.

It may be that NF staff will not be able to keep
up with the rapidly changing science. Thus,
it is critical to build ongoing relationships
between researchers (within and outside the
USFS) and the NF staff. An example of such a
partnership is the Regional Integrated Sciences
and Assessments (RISA) program, which
supports research that addresses complex
climate-sensitive issues of concern to decision-
makers and policy planners at a regional level.
The RISA research team members are primarily
based at universities, though some of the team
members are based at government research
facilities, non-profit organizations, or private
sector entities. Traditionally the research has
focused on the fisheries, water, wildfire, and
agriculture sectors.

3.5.2.4 Develop Partnerships to Enhance
Natural Resource Management under a
Changing Climate

There is an urgent need for policy makers,
managers, scientists, stakeholders, and the
broader public to share the specific evidence
of global climate change and its projected
consequences on ecosystems, as well as
their understanding of the choices, future
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opportunities, and risks. The dialogue on
adaptation and mitigation might begin with
the USFS and current partners. Changes in
ecosystems service and biodiversity (e.g., a loss
of cold-water fisheries in some areas and the
development of warm water fisheries) under
a changing climate will likely reveal a need to
develop new partnerships.

Education and outreach on the scale necessary
will require new funding and educational
initiatives. Effective efforts, informed by
cutting-edge social science insights on effective
communication, will involve diverse suites
of educational media, including information
delivery on multiple and evolving platforms.
There will also be a need to educate landowners
in the WUI about the potential for increased
disturbances or changing patterns of
disturbances in these areas, as well as the
challenges of land ownership and protection of
valued resources within this environment.

3.5.2.5 Increase Effective Collaboration
Across Federally Managed Landscapes

Where federally managed land encompasses
large landscapes, increasing collaboration
will facilitate the accomplishment of common
goals (e.g., the conservation of threatened and
endangered species), as well as adaptation and
mitigation, that can only be attained on larger
connected (or contiguous) landscapes. Common
goals might include protection of threatened
and endangered species habitats, integrated
treatment of fuels or insect and disease
conditions that place adjacent ownerships
at risk, and developing effective strategies
to minimize loss of life and property at the
WUIL.

While collaboration logically makes sense, and
seems conceptually like the only way to manage
complex ownerships, large landscapes, and
across multiple jurisdictions, there are many
challenges to such an approach. Attempting to
collaborate multi-institutionally across large
landscape scales can bring into focus unexpected
institutional barriers and focus unanticipated
societal responses. For example, large multi-
forest landscapes have high investment stakes—
with resulting political pressure from many
different directions. Further, if collaboration
is taken to mean equal participation and that
each collaborator has an effective voice, then
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potential mismatches among laws, regulations,
resources and staffing capacities can lead to
situations in which collaboration by different
groups is uneven and possibly unsuccessful. For
example, the USFS, EPA, and the U.S. Fish and
Wildlife Service each must obey its particular
governing laws, and thus agency oversight
can overrule attempts at equal participation
and collaboration. Careful consideration of
the challenges and expert facilitation may be
necessary to successfully manage adaptation
across large landscapes.

3.5.2.6 Establish Priorities for Addressing
Potential Changes in Populations, Species,
and Community Abundances, Structures,
Compositions, and Ranges, Including
Potential Species Extirpation and
Extinction under Climate Change

A primary premise for adaptive approaches
is that change, novelty, uncertainty, and
uniqueness of individual situations are expected
to define the planning backdrop of the future.
Management goals for species and ecosystems
across the spectrum of NFs also vary for
many reasons. As a result, proactive climate
planning will reflect a range of management
intensities. Some species and ecosystems
(already affected in the near-term) may require
aggressive treatment to maintain viability or
resilience; others may require reduction of
current stressors, and others less intensive
management, at least in the near future. While
evaluating priorities has always been important
in resource management, the magnitude and
scope of anticipated needs, combined with
diminishing availability of human resources,
dictate that priorities may need to be evaluated
swiftly, strictly, and definitively. Consideration
of methods to establish these priorities before
the crisis appears would facilitate decision-
making. The medical metaphor of triage is
appropriate here. Other approaches include
developing strategies that establish options that
are “win-win” or “no regrets,” or those that
gradually add options as resources and the need
for change become apparent. These approaches
are best developed jointly by neighboring land
resource managers and private land owners,
or regionally, to guide the management of
currently rare or threatened and endangered
species as well as of populations, species,
communities, and ecosystems that expand

and retreat across the larger landscape. These
approaches could capitalize on the respective
strengths of the various local, state, and federal
land management agencies.

3.5.2.7 Reduce Current Stressors

The USFS implements a variety of management
approaches to reduce the impact of existing
stressors on NFs (see Section 3.3.3), and an
increased emphasis on these efforts represents
an important “no regrets” strategy. It is likely
that the direct impacts of climate change on
ecosystems, and the effects of interactions of
climate change with other major stressors, may
render NFs increasingly prone to more frequent,
extensive, and severe disturbances, especially
drought, insect and disease outbreaks, invasive
species, and wildfire. Increased flooding is a
likely possibility. Air pollution can negatively
affect the health and productivity of NFs,
and the fragmented landscape in which
many NFs are situated impedes important
ecosystem processes, including migration.
Efforts to address the existing stressors would
address current management needs, allow an
incremental approach that begins to incorporate
climate into management and planning, and
potentially reduce the future interactions of
these stressors with climate change.

3.5.2.8 Develop Early Detection and
Rapid Response Systems for Post-
Disturbance Management

Early detection and rapid response systems are
a component in the current invasive species
strategy of the USFS. Such an approach may
have value for a broader suite of climate-induced
stressors, for example using the current network
of experimental forests and sites in an early
detection and response system. 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. Current limitations (barriers)
may need to be revisited so that restricted
management practices are permitted.
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3.5.3 Research Priorities
3.5.3.1 Conceptual (Research Gaps)

Global climate change will continually alter
the dynamics of ecosystems, local climate,
disturbances, and management, challenging
not only the management options but also
the current understanding of these dynamics
within the scientific community. To address
the long-term challenges, it will be valuable
to establish strong management-research
partnerships now to collaboratively explore
the information and research needed to manage
ecosystem services under a changing climate.
These research-management partnerships could
identify research studies on how forest planning
can better adapt to climate change in the long-
term, as well as in near-term project-level
analyses. Further adaptation approaches could
be tested, including improved communication
of knowledge and research.

Climate change will interact with current
stressors—air quality, native insects and
diseases, non-native invasives, and
fragmentation—in potentially surprising
ways. Greater understanding of the potential
interactions of multiple stressors and climate
change is needed through field experiments,
modeling exercises, and data mining and
analysis of past forest history or even recent
geological records. Such approaches could
promote syntheses of disciplinary research
related to climate and other stressors, and
integrate the efforts of the research communities
at universities, non-governmental organizations,
state agencies, tribal organizations, and other
federal agencies.

Climate change may also challenge current
theories on ecosystem restoration. Current
protocols about restoration may need further
experimentation to determine the role and
assumptions of climate in the current techniques,
and how a changing climate might alter the
application of these techniques.

Determining the baseline for monitoring,
determining what to monitor, and evaluating
whether current monitoring approaches will be
adequate under a changing climate are critical
research needs. These needs may be approached
collaboratively with research institutions and
other federal land management agencies.
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Understanding ecosystem restoration
practices—and what metrics to use for
monitoring—will raise in importance the
need for paleo-ecological research. Little of
the current understanding of paleo-ecology is
brought into current thinking about the dynamics
of species, communities and landscapes. This
knowledge, relevant to the present and future,
provides a greater understanding of lessons
about change, dynamism, thresholds, novelty,
reversibility, individualistic responses, and
non-analog conditions. Whether to manage
for process or structure may be learned from
studying past responses to historic climate
change. A paleo approach places managers in
the stream of change. Thus: what is a baseline?
What are native species range distributions?
What is natural?

The adaptive capacity of NFs and the
surrounding social and economic systems is not
well-understood. There is great need for social
scientific research into the factors and processes
that enhance NFs’ adaptive capacity, as well as
into the barriers and limits to potentially hinder
effective and efficient adaptation. In addition,
socioeconomic research and monitoring are
needed on how social and economic variables
and systems are changing, and are likely to
change further, as climate change influences
the opportunities and impacts within and
surrounding NFs. The expansion of the urban
and suburban environment into remote areas
will likely be influenced by climate change—
potentially shifting this expansion to higher
elevations or to more northerly regions where
winters may historically not have been as
severe. Recreational choices are also likely to be
influenced by climate changes, shifting outdoor
activities across a spectrum of options from
land-based to water-based, from lower/warmer
regions to higher/cooler regions.

The need currently exists to develop tradeoff
analyses for situations in which management
actions taken now potentially could alter more
serious impacts later, such as the tradeoffs
of planned prescribed fire/air quality versus
unplanned wildfire/smoke/air quality. Habitat
restoration for threatened and endangered
species under a changing climate might involve
social, economic, and ecological impacts and
opportunities on NF land, adjacent ownerships,
or private land. Tradeoffs involve ecological
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benefits and consequences, as well as social
and economic benefits and consequences.
Similarly, the tradeoffs between mitigation
and adaptation at present cannot be addressed
in the available suite of decision-making and
management tools.

These research priorities will be most useful
to managers if they explicitly incorporate
evaluations of uncertainty. Toward that end,
new approaches for assessing (or evaluating)
uncertainty with quantitative and qualitative
management methods are needed.

3.5.3.2 Data Gaps (Monitoring/Mapping)

Information on the status of ecosystem
services as climate changes will be important
in ascertaining whether management goals
are being attained under the changing climate.
The Forest Inventory and Analysis data have
informed historical analyses of productivity
shifts as affected by recent climate variability
and change at large spatial scales, and contributed
to national accounting analyses of carbon in
U.S. forests. Other potential analyses with
these inventory data could include exploring
the response of ecosystems to changing fire
regimes and insect outbreaks. Opportunities
exist to link the existing inventory networks
within the USFS (Forest Inventory Analysis)
with other existing and planned networks, such
as the National Science Foundation’s Long-term
Ecological Research networks, the National
Ecological Observation Network (NEON),
and other monitoring programs within USGS
and NASA. Increasingly, data are needed in a
spatial format.

The Montreal Process Criteria and Indicators
for Boreal and Temperate Forests have been
used to describe sustainability of forests and
rangelands by managers at several spatial
scales. The use of Montreal Process Criteria
and Indicators may also have value in assessing
the opportunities and impacts on sustainability
under a changing climate.

3.5.3.3 Tool Gaps (Models and Decision
Support Tools)

There is a need to develop techniques, methods,
and information to assess the consequences
of climate change and variability on physical,
biological, and socioeconomic systems at
varying spatial scales, including regional,

multi-forest, and NF scales. The analyses at
the national scale in the RPA Assessment,
particularly if extended beyond forest dynamics,
could provide national-level information and set
a larger context for the forest opportunities
and impacts under climate change. Fine-scale
analyses of the ecological and economic
impacts of climate change will soon be available
and could offer projections at the spatial scale
of importance to managers.

There is a need to develop a toolbox for resource
managers that can be used to quantify effects
of climate change on natural resources, as a
component of land management planning.
This toolbox would have a suite of science-
based products that deliver state-of-the-art
information derived from data, qualitative
models, and quantitative models in accessible
formats, including a Web-based portal on
climate-change science. Technology transfer
through training packages on climate change
that can be delivered through workshops and
online tutorials would be valuable to internal
staff and potentially to stakeholders.

Forest-scale decision support applications
that incorporate the dynamics of climate,

[
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climate variability, and climate change into
natural resource management planning would
enhance the information about climate used
in management analyses. At present, most
established planning and operational tools do
not directly incorporate climate variability and
change. These tools need to be informed by
recent scientific data on climate trends and the
relationship between climate and the resource of
interest. Research can contribute immediately to
the revision of popular tools such as the Forest
Vegetation Simulator, thereby improving their
accuracy for a variety of applications. A Web-
based portal on climate change, customized for
the needs of USFS users, will be an important
component of the toolbox, providing one-
stop shopping for scientific information, key
publications, and climate-smart models. A
training curriculum and tutorials will ensure
that Forest Service managers receive current,
consistent information on climate change
issues.

It can not be overstated however, that effective
decision support involves more than providing
the right information and tools and the right time.
Importantly, for climate change information
to meet the needs of NF land managers at
various scales of decision-making, and for that
information to be used properly and effectively,
itis highly advisable that ongoing relationships
be built between those producing the relevant
information (researchers) and those eventually
using it (managers). Thus tools, Web-based
tutorials, reports, and other written materials
should always be viewed as decision-support
products that must be embedded in an ongoing
decision-support process.

3.5.3.4 Management Adjustments or
Realignments

The development of management alternatives
for adapting to and mitigating the effects of
an uncertain and variable climate, and other
stressors on natural resource outputs and
ecosystem services, will require experimentation
under the changing climate. Many proposed
management alternatives may need to be
established as small-scale pilot efforts, to
determine the efficacy of such proactive
approaches to adapting to climate change in
various ecosystems and climates. Protocols
for “assisted migration” of species need to be
tested and established before approaches are
implemented more broadly.
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Assumptions about the dynamics of ecosystems
under climate change and alternative treatments
may need to be revisited in field experiments.
Regeneration and seedling establishment studies
using a variety of vegetation management
treatments under the changing climate may
suggest that new approaches are needed to ensure
ecosystem establishment and restoration.

New or innovative management options may
need experiments or demonstration projects
to explore their impact. For example, research
is needed to increase our understanding of the
impacts of active management on ecosystems—
such as the effects of reintroducing species to
disturbed ecosystems, or transferring species
to areas outside of the current distribution but
within areas of compatible climate. The potential
for ex situ gene conservation techniques to
remedy the impact of global change might
be explored. These techniques (seed banks,
common garden studies) conserve genetic
diversity outside the environment where it exists
at this time. Putting seed from diverse parents
in diverse populations into long term storage
will not prevent existing forest ecosystems from
being disrupted, but it provides an opportunity
to reestablish populations in new and more
appropriate locations if needed. Establishing
common garden studies with diverse materials
at multiple locations can serve several purposes.
Assuming the material planted in these plots
survives, it can serve as a source of propagules
for establishing new populations. The tests
can also provide evidence of what sources of
plant material are most adapted for the new
conditions.

Research is needed to explore options to reduce
both the short- and long-term vulnerability of
ecosystems to disturbance altered by climate
(insects, fire, disease, etc.). Many natural
resource values can be enhanced by allowing
fire to play its natural role where private property
and social values can be protected. Research
on new opportunities for ecosystem services
within NFs is needed. Testing and developing a
range of science-based management alternatives
for adapting to and mitigating the effects of
climate change on major resource values (water,
vegetation, wildlife, recreation, etc.) may
facilitate the attainment of these goals under a
changing climate.





