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Abstract

Halofsky, Jessica E.; Peterson, David L.; O’Halloran, Kathy A.; Hawkins Hoffman,
Catherine, eds. 2011. Adapting to climate change at Olympic National Forest and
Olympic National Park. Gen. Tech. Rep. PNW-GTR-844. Portland, OR: U.S. Department

of Agriculture, Forest Service, Pacific Northwest Research Station. 130 p.

Climate change presents a major challenge to natural resource managers both because of
the magnitude of potential effects of climate change on ecosystem structure, processes, and
function, and because of the uncertainty associated with those potential ecological effects.
Concrete ways to adapt to climate change are needed to help natural resource managers take
the first steps to incorporate climate change into management and take advantage of opportu-
nities to counteract the negative effects of climate change. We began a climate change adapta-
tion case study at Olympic National Forest (ONF) in partnership with Olympic National Park
(ONP) to determine how to adapt management of federal lands on the Olympic Peninsula,
Washington, to climate change. The case study began in the summer of 2008 and continued
for 1'4 years. The case study process involved science-based sensitivity assessments, review
of management activities and constraints, and adaptation workshops in each of four focus
areas (hydrology and roads, fish, vegetation, and wildlife). The process produced adaptation
options for ONF and ONP, and illustrated the utility of place-based vulnerability assessment
and science-management workshops in adapting to climate change. The case study process
provides an example for other national forests, national parks, and natural resource agencies
of how federal land management units can collaborate in the initial stages of climate change
adaptation. Many of the ideas generated through this process can potentially be applied in
other locations and in other agencies.

Keywords: Adaptation, climate change, fish habitat management, hydrology, road
management, science-management partnerships, vegetation management, wildlife habitat

management.



Summary

In this report, we describe results of the Olympic Climate Change Case Study, a science-
management collaboration initiated to develop climate change adaptation strategies and
actions for Olympic National Forest (ONF) and Olympic National Park (ONP). The case
study was one of three parallel climate change adaptation case studies on national forests
and adjacent national parks in the Western United States as a part of a larger effort, the
WestWide Climate Initiative. This initiative was created by scientists of the U.S. Forest
Service to address the urgent need to communicate climate change information to land
managers and work with them to develop adaptation options.

For the Olympic Climate Change Case Study, we conducted a vulnerability assessment
to facilitate development of adaptation strategies and actions for ONF and ONP. The first
step in the vulnerability assessment process involved a review of available climate model
projections to determine likely levels of exposure to climate change (degree of deviation
in temperature and precipitation) on the Olympic Peninsula (chapter 3). In the next step,
we reviewed relevant literature on effects of climate change and available projections to
identify likely climate change sensitivities in each of four focus areas on the Olympic
Peninsula, including hydrology and roads (chapter 4), fish (chapter 5), vegetation (chapter
6), and wildlife (chapter 7). We worked with regional scientists and specialists to interpret
available information and apply it more directly to Olympic Peninsula ecosystems. Finally,
we reviewed current management activities at ONF and ONP and identified management
constraints to evaluate some aspects of institutional capacity to implement adaptive actions.
Review of current management activities was done by focus area and is described in the
chapter for each focus area.

The vulnerability assessment process set the stage for development of adaptation
options at the forest and park through science-management workshops (also described in
the chapter for each focus area). The workshop format gave managers an open forum to
brainstorm, express initial thoughts and ideas, and vet those ideas among peers. Direct
engagement of scientists and managers in the workshop format fostered development of
science-based adaptation strategies. During workshop discussions, managers identified
general priority actions for adaptation, as well as priorities for species protection, habitat
protection, and monitoring.

Although interagency partnerships exist elsewhere to address specific natural resource
issues, the Olympic Climate Change Case Study is an unprecedented example of U.S. For-
est Service and National Park Service jointly planning for climate change adaptation. The
case study process produced specific and tangible ways for ONF and ONP to incorporate
climate change adaptation strategies into management. A key finding of the assessment was
that the current general management at both ONF and ONP, with restoration as a primary
goal, is consistent with managing for resilience to prepare ecosystems for a changing
climate. However, the effort highlighted some potential issues related to climate change that
challenge current precepts and management guidelines and helped to identify new potential

actions and actions that could be increased and reprioritized.



Climate change adaptation requires systematic monitoring and evaluation to detect
changes and determine the success of adaptive management activities. Staying abreast of
available information on potential climate change effects is essential to determine addi-
tional ways to incorporate climate change adaptation into management. Although further
effort will be required, the case study described in this report was an essential first step for
ONF, ONP, and their stakeholders in preparing for climate change on the Olympic Penin-

sula.
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Adapting to Climate Change at Olympic National Forest and Olympic National Park

Chapter 1: Introduction

Jessica E. Halofsky, David L. Peterson, Kathy A. O’Halloran, and Catherine Hawkins Hoﬁ"man]

There is strong and growing scientific evidence for human-
induced global climate change (Pachauri and Reisinger
2007). Global ecological effects triggered by warming in
the late part of the 20" century include earlier snowmelt
and decreased spatial extent of snow and ice (Barnett et al.
2008, Hamlet et al. 2005, Mote et al. 2005, Pachauri and
Reisinger 2007), shifts in species distributions (Parmesan
2006, Parmesan and Yohe 2003, Mote et al. 2005, Root et
al. 2003), and rising sea levels (Parry et al. 2007). Despite
current and future greenhouse gas mitigation efforts,
changes in the climate system will continue owing to
already elevated concentrations of carbon dioxide in the
Earth’s atmosphere (Watson and the Core Writing Team
2001). Thus, climate change adaptation, or “the adjustment
in ecological, social, or economic systems in response to
climate stimuli and their effects” (Pachauri and Reisinger
2007), will be critical in reducing unwanted effects of
climate change on both ecosystems and society.

Climate change presents a major challenge to natural
resource managers because of the magnitude of potential
effects of climate change on ecosystem structure, process,
and function, and because of the uncertainty associ-
ated with potential ecological effects. Although general
guidelines exist (e.g., Julius et. al. 2008, Millar et al. 2007)
to proactively incorporate climate change into planning,
decisions, and activities, managers require concrete and
place-based methods to adapt to climate change.

Scientists and managers must work together to develop
and implement strategies that facilitate adaptation to climate
change. Resource managers have the skills and local knowl-
edge to incorporate climate change into management.
However, there is an overwhelming amount of climate

change information to absorb, a steep learning curve with

climate change science, and little time for learning owing to
managers’ many responsibilities. Given the relative infancy
and experimental nature of climate change adaptation strat-
egies, resource managers generally lack specific guidance
and directives regarding how to incorporate climate change
into program planning and implementation. Scientists have
technical knowledge on climate change but often a poor
understanding of management and regulatory, policy, and
collaborative social processes for resource planning and
decisionmaking. Although these two groups of specialists
share complementary sets of skills and knowledge, a lack
of formal relationships, and differences in work culture,
timeframes, and communication styles limit science-
management interactions on climate change issues.

In this report, we describe results of the Olympic
Climate Change Case Study, a science-management
collaboration initiated as part of a larger effort called the
WestWide Climate Initiative (USDA Forest Service 2007).
Scientists of the U.S. Forest Service created the WestWide
Climate Initiative to address the urgent need to provide
climate change information and adaptation tools to land
managers in the Western United States. As a part of this
initiative, parallel case studies were conducted to develop
climate change tools and adaptation options at Olympic
National Forest (ONF) and Olympic National Park (ONP)
(Washington); Tahoe National Forest, Inyo National Forest,
and Devils Postpile National Monument (California); and
Shoshone National Forest (Wyoming).

The Olympic Climate Change Case Study occurred
in two phases. The first phase involved education for
managers at ONF on climate change science and potential
effects of climate change, and an initial effort to develop

! Jessica E. Halofsky is a research ecologist, University of Washington, College of the Environment, School of Forest Resources,
Box 352100, Seattle, WA 98195-2100; David L. Peterson is a research biological scientist, U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Pacific Wildland Fire Sciences Laboratory, 400 N 34" St., Suite 201, Seattle, WA
98103; Kathy A. O’Halloran is the natural resources staff officer, U.S. Department of Agriculture, Forest Service, Olympic
National Forest, 1835 Black Lake Blvd. SW, Olympia, WA 98512-5623; Catherine Hawkins Hoffman is the Climate Change
Adaptation Coordinator, National Park Service Natural Resource Program Center, 1201 Oakridge Dr., Fort Collins, CO 80525
(formerly Chief, Natural Resources Division, Olympic National Park, Port Angeles, WA).
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adaptation strategies (Littell et al. 2011). The second phase,
described here, focused on further development of strate-
gies and actions for climate change adaptation. The case
study began in the summer of 2008 and continued for 1%
years. The ONP joined with ONF in the second phase of the
case study because of the proximity of the park and forest,
similarities in management goals, and the importance of
collaboration between neighbors in preparing for climate
change. Although interagency partnerships exist elsewhere
to address specific natural resource issues, this collaborative
effort is unprecedented in development of climate change
adaptation strategies and actions for a large landscape.

The second phase of the Olympic Climate Change
Case Study developed adaptation strategies and actions in
four focus areas identified by ONF and ONP managers as
being most important: hydrology and roads, fish, vegeta-
tion, and wildlife. To develop adaptation actions for each
focus area, we conducted a vulnerability assessment, or an
assessment of the degree to which geophysical, biological,
and socioeconomic systems are susceptible to, and unable to
cope with, unwanted impacts of climate change (Parry et al.
2007). Vulnerability is a function of system exposure, its
sensitivity, and its adaptive capacity (Gallopin 2006, Parry
et al. 2007). In a climate change context, exposure can be
thought of as the degree, duration, or extent of deviation
in climate to which a system is exposed. Sensitivity is the
degree to which a system is affected, either positively or
negatively and directly or indirectly, by climate-related
stimuli (Parry et al. 2007). Adaptive capacity is the ability
of a system to adjust to climate change (including climate
variability and extremes), to moderate potential damages,
to take advantage of opportunities, or to cope with the
consequences (Parry et al. 2007).

To determine likely levels of exposure to climate
change on the Olympic Peninsula, we reviewed global
climate model projections included in the University of
Washington Climate Impacts Group Washington State
Assessment (Mote and Salathé 2010) (see chapter 3 for
further detail). Then, to assess other aspects of climate
change vulnerability and develop adaptation options, for

each focus area, we used a three-part process that involved:

* Anassessment of climate change sensitivity through a
topical literature review and review of available climate
change impact model output, incorporating information
directly applicable to the Olympic Peninsula whenever
possible. Sometimes, scientists summarized best-
available information in presentations to managers, and
scientists and managers worked together to interpret
and apply it to Olympic Peninsula ecosystems.

* Anassessment of the capacity of ONF and ONP to
adapt to climate change through review of current
management practices and potential regulatory and
institutional constraints.

*  Development of adaptation strategies through science-
management workshops. The results of the vulnerabil-
ity assessment provided the starting point for facilitated
science-management dialog on possible adaptation
strategies in each focus area. The workshop format
provided opportunities to transfer information and

facilitate discussions between managers and scientists.

In all steps of the case study process, scientists and
managers worked together to gather and refine information
to identify climate change vulnerabilities and develop adap-
tation options for ONF and ONP. For consistency across
focus areas, two scientists from the Forest Service Pacific
Northwest Research Station and the natural resource staff
supervisors from ONF and ONP participated in and guided
the entire process. Participants in each focus area included
forest and park staff specialists, including silviculturists,
forest geneticists, botanists, wildlife biologists, engineers,
fish biologists, and hydrologists. For each focus area, sci-
entists from the University of Washington Climate Impacts
Group and Forest Service scientists provided presentations
and participated in discussions of adaptation options. Both
the hydrology and roads, and vegetation workshops were
limited to forest and park specialists and scientists with
specialized knowledge in the focus area because of the need
for progress within a specific timeframe, and for continuity
and commitment to the process over many months, in addi-
tion to the complicated scheduling, logistics, and orches-
tration of a large-group planning process. However, the

wildlife workshops included specialists from other natural
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resource organizations, including the Washington Depart-
ment of Natural Resources, the U.S. Geological Survey, and
U.S. Fish and Wildlife Service, to take advantage of their
specialized knowledge of wildlife on the peninsula and
interest in climate change. A science-focused fish workshop
included over 100 participants from a variety of state and
federal natural resource agencies, watershed organizations,
and tribes. The fish workshop was opened to a broader
audience because fish (particularly salmonids) are one of
the widest ranging, multijurisdictional organisms inhabit-
ing the peninsula. A critical next step will be to work with
these and other partners in climate change adaptation on the
peninsula.

During workshop discussions, ONF and ONP identified
general priority actions for adaptation, as well as priorities
for species protection, habitat protection, and monitoring.

In developing these adaptation strategies, the goal was to
identify no-regrets strategies and actions that are likely to
produce favorable outcomes, are compatible with current
management objectives, and are adaptable through time. For
the purposes of the workshops, it was assumed that there
will be no changes in policy mandates (e.g., land alloca-
tion designations, Endangered Species Act ([ESA 1973])
listings, or directives in the Northwest Forest Plan) over
the next 5 years. These objectives and constraints yielded
realistic and tangible adaptation strategies and actions for
ONF and ONP.
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Chapter 2: Olympic National Forest and Olympic National Park:
Biogeographic Setting, Cultural History, and Policy Context

Jessica E. Halofsky, Kathy A. O’Halloran, Catherine Hawkins Hoffman, David L. Peterson, and Jacilee WrayI

The Olympic Peninsula

Located in the northwestern portion of Washington state,
USA, the Olympic Peninsula comprises an area of 16 800
km? (fig. 2.1). Bounding the peninsula is the Pacific Ocean
to the west, the Strait of Juan de Fuca to the north, and
Puget Sound and Hood Canal to the east. Elevation on the
peninsula ranges from sea level to 2427 m at Mount Olym-
pus, the highest peak of the Olympic Mountains, which
dominate the central portion of the peninsula. The steep and
dissected topography in the central portion of the peninsula
results in temperature and precipitation gradients and varied
climatic conditions (Peterson et al. 1997). A wet and humid
maritime climate characterizes the western, coastal side of
the peninsula, which receives 300 to 500 cm of precipita-
tion per year depending on location, while the crest of the
Olympic Mountains receives >600 cm of precipitation per
year, making it the wettest location in the coterminous
United States (Peterson et al. 1997). In contrast, the north-
eastern portion of the peninsula is characterized by a drier,
more continental climate owing to the rainshadow effect
of the Olympic Mountains (and prevailing winds from the
southwest during the winter). Rainfall in the northeastern
portion of the peninsula is as low as 50 cm per year at lower
elevations (Henderson et al. 1989). Most precipitation falls
between October and March, and winter precipitation falls
mainly as rain below 300 m, as rain and snow between 300
m and 750 m, and as snow above 750 m. Snow at higher
elevations persists through the early part of summer.

Varied climatic conditions on the peninsula result in

diverse ecological communities. Vegetation assemblages

on the peninsula include temperate rain forests, mixed-
conifer forests, prairies, alpine tundra, subalpine parklands,
wetlands, rivers, streams, and mountain lakes. There are
1,480 native vascular plant species (Buckingham et al.
1995) on the peninsula, including eight endemic species.
Several endemic animal species also inhabit the peninsula,
including the Olympic marmot, the Olympic pocket gopher,
and the Olympic torrent salamander (See Common and
Scientific names).

Land ownership on the peninsula is a mix of federal,
state, tribal, and private lands (fig. 2.1). Olympic National
Park (ONP) occupies the core of the peninsula and includes
much of the higher elevation portion. Olympic National
Forest (ONF) surrounds the park. The forest and park cover

about one-third of the peninsula.

Cultural History of the Olympic Peninsula

The Olympic Peninsula has a rich cultural history involv-
ing extensive interaction between native peoples and their
environment. Prior to what European Americans call the
historic period (less than 200 years before present), there
were about 10,000 people living on the Olympic Peninsula,
the ancestors of the tribes here today: the Elwha Klallam,
Jamestown S’Klallam, Port Gamble S’Klallam, Quinault,
Hoh, Quileute, Makah, Queets, and Skokomish (Wray
2002). The tribes of the Olympic Peninsula maintain

close ties to all of their ancestral lands and share concern
for resource protection. They are an integral part of the
ecosystem, as their traditional practices included land
management, such as maintaining prairies by burning them

to increase edible and medicinal plant populations.

! Jessica E. Halofsky is a research ecologist, University of Washington, College of the Environment, School of Forest Resources,
Box 352100, Seattle, WA 98195-2100; Kathy A. O’Halloran is the natural resources staff officer, U.S. Department of Agriculture,
Forest Service, Olympic National Forest, 1835 Black Lake Blvd. SW, Olympia, WA 98512-5623; Catherine Hawkins Hoffman

is the Climate Change Adaptation Coordinator, National Park Service Natural Resource Program Center, 1201 Oakridge Dr., Fort
Collins, CO 80525 (formerly Chief, Natural Resources Division, Olympic National Park, Port Angeles, WA); David L. Peterson

is a research biological scientist, U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station, Pacific
Wildland Fire Sciences Laboratory, 400 N 34'h St., Suite 201, Seattle, WA 98103; Jacilee Wray is the park anthropologist, Olympic

National Park, 600 East Park Ave., Port Angeles, WA 98362.
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Figure 2.1—Location of and land ownership on the Olympic Peninsula.

In 1854, Governor Issac Stevens, who was also for settlement by U.S. citizens. The treaties established
Superintendent of Indian Affairs in Washington Territory, formal relationships between the tribes as sovereigns and
began treaty negotiations to unite the numerous bands of the United States and established the Quinault, Skokomish,
Indians into tribes and to extinguish title to their lands and Makah reservations. The Quileute and Hoh reserva-

tions were established by Executive order and the three
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Klallam reservations by Congress. Tribal reservation lands
on the peninsula comprise over 89 000 ha, ranging from
the Quinault Reservation, encompassing 86 000 ha, to the
Jamestown S’Klallam Reservation, with only 2 ha.

The peninsula treaties that ceded the land now within
ONP include the Treaty of Point No Point 1855 (Skokomish
and Klallam), Treaty of Neah Bay 1855 (Makah), and Treaty
of Olympia 1856 (Quinault, Quileute, and Hoh). The treaties
specify that the tribes have the right to fish at “usual and
accustomed grounds and stations... in common with all citi-
zens. .. together with the privilege of hunting and gathering
roots and berries on open and unclaimed lands.” In 1974,
Federal District Court Judge George Boldt found that the
tribes were guaranteed an equal share or half of the sustain-
able harvest of anadromous fish in U.S. v. Washington. He
also found that the treaties were “not a grant of rights to the
Indians, but a grant of rights from them, and a reservation
of those not granted” [United States v. State of Washington
384 F. Supp. 312 (1974):323]. In other words, these were not
rights given to them, but rights they always had—from time
immemorial.

The relationship between the first people and the
Olympic Peninsula is recounted in origin legends and
mythic events that explain both the creation of the land-
scape and peoples’ relationship to it. These legends depict
a strong reliance upon waterways, forests, and valleys for
the acquisition of vital resources, and detailed descriptions
of travel into the mountains for pleasure, social interchange
such as marriage, and spiritual pursuits [Wray 2002].

Trails were used where canoes could not go, following
the river drainages to the open meadows and mountain
ridgelines. Trails crossed the mountains between the Hoh
and the Elwha Rivers and from the Quileute to the Pysht
and the Hoko (Gibbs 1877). Other trails led from Hood
Canal to Grays Harbor, and crossed the Olympics from
the Skokomish and Dosewallips River drainages to the
Quinault. Many of the trail routes are the same routes used
today by hikers in the park and forest.

The remains of stone tool manufacture, or lithics, have
been documented in the Olympic Mountains and surround-
ing foothills by archeologists. These tools were used for
hunting, butchering, and plant processing. In 1993, portions

of a woven cedar basket—part of a pack basket used as a
backpack—were found in the alpine reaches of ONP. This
discovery provides additional evidence of high-country
habitation. The basket has been radiocarbon dated to be
about 2,880 years old.

Maritime archeological village sites on the Pacific
coast, Strait of Juan de Fuca, and Hood Canal had econo-
mies that included intertidal gathering, fishing, sealing, and
whaling, dating back thousands of years. Animal remains,
along with stone and wood artifacts, indicate the presence
of an “Early Maritime” culture on the Olympic Peninsula
about 3,000 years ago (Bergland 1983). This culture relied
on salmon and shellfish, which had likely increased in
abundance in response to stabilization of sea level and
increased precipitation during that time period (Henderson
et al. 1989).

Native peoples of the Olympic Peninsula used native
plant materials extensively (Gunther 1945, Norton 1979, as
cited in Henderson et al. 1989). Western redcedar was used
for a variety of purposes, including cedar plank houses,
canoes, fishing tools, cradles, paddles, and arrowshafts
(Henderson et al. 1989). The bark of western redcedar
was also used to make clothing, baskets, mats, and eat-
ing utensils, among other objects (Gunther 1945). Other
plants, such as camas, bracken fern, salmonberry, salal, and
huckleberries, provided important food sources (Henderson
et al. 1989). Prairies were regularly burned to maintain and
cultivate camas and other food plants (Norton 1979).

Native plants were also used for medicine and other
purposes. For example, stinging nettle was used for medi-
cine and rope (Henderson et al. 1989). Cattail and beargrass
were used in basketry. Sitka spruce roots were also used for
nets and cordage, and spruce pitch, limbs, bark, and wood

were also used (Henderson et al. 1989).

Olympic National Forest
Created in 1907, ONF encompasses an area of 256 440 ha,

15 percent of which is federally designated wilderness. The
mission of the Forest Service, and thus ONF, is “to sustain
the health, diversity, and productivity of the Nation’s forest
and grasslands to meet the needs of present and future
generations” (USDA FS 2007). Timber production and
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fresh water were historically the most valued ecosystem
services provided by ONF. Timber harvest activities began
on ONF in the 1920s. Until the 1990s, timber management
generally consisted of clearcutting, broadcast burning, and
tree replanting. These management practices resulted in the
conversion of over one-third of ONF into relatively young
even-aged forests. In addition, over 3500 km of forest roads
built for timber harvest remain on the forest road network.
The 1994 Northwest Forest Plan (NWFP) (USDA and
USDI 1994) and a change in Forest Service agency manage-
ment policy led to a movement toward ecosystem manage-
ment at ONF. Ecosystem management from a Forest Service
perspective has four main components including protecting
ecosystems, restoring deteriorated ecosystems, providing
multiple-use benefits for people within the capabilities of
ecosystems, and ensuring organizational effectiveness. The
NWFP also mandates management for ecological priorities,
mainly the protection, enhancement, and acceleration of
late-successional forest conditions. At ONF, a major land
allocation under the NWFP is late-successional reserve
(LSR), the goal of which is to maintain late-successional
and old-growth forest ecosystems. The LSRs are designed
primarily to serve as habitat for late-successional and old-

growth-related species, including the northern spotted owl.

Olympic National Forest is focused on:

*  Managing for native biodiversity and promoting the
development of late-successional forests

* Restoring and protecting aquatic ecosystems from the
impacts of an aging road infrastructure

*  Managing for individual threatened and endangered
species as defined by the Endangered Species Act
(ESA) (ESA 1973) and related policies
Because of this focus on ecological restoration, forest

personnel consider ONF to be a “restoration forest.”
Besides the ESA, other federal statutes guide current

management activities at ONF, including the National

Forest Management Act (NFMA) (NFMA 1976) and the

National Environmental Policy Act (NEPA) (NEPA 1969).

The NFMA imposes directives on national forest planning

and activities. The NEPA requires all federal government

agencies to conduct environmental analyses and prepare

environmental documents (environmental assessments or
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environmental impact statements [EIS]) that assess and
disclose the environmental impacts of proposed actions.

The ONF land and resource management plan (LRMP)
(as amended by the NWFP; USDA FS 1990) guides man-
agement activities at ONF and is revised every 10 years. A
key component of the LRMP is the aquatic conservation
strategy (ACS), which includes eight objectives for main-
taining and restoring watershed processes and functions. To
be consistent with the LRMP and the ACS, all management
activities at ONF must maintain or help restore watershed
conditions.

The ONF also has a forest strategic plan that integrates
aquatics, wildlife, silviculture, and fire, helping to identify
priority areas for management activities such as habitat
restoration, road decommissioning, forest thinning, and fuel
reduction treatments. Factors such as habitat improvement
potential (specifically for threatened and endangered species
and important charismatic species such as Roosevelt elk),
economic viability of activities, and existing priorities and
land allocation restrictions determine priority actions.

The ONF and the Forest Service in general are just
beginning to address climate change and adaptation to
climate change. In October 2008, the Forest Service issued
the Forest Service Strategic Framework for Responding to
Climate Change (USDA FS 2008), which identified climate
change adaptation as a key goal for the agency and recom-
mended integrating climate change considerations into
agency-wide policies and program guidance. The agency
also issued national guidance on how climate change can
be incorporated in LMRP revision and analyses of projects.
Further guidance for adaptation on national forests is in

development at this writing.

Olympic National Park
Created in 1938, ONP covers 373 384 ha on the Olympic

Peninsula. The park includes both the central, mountainous
portion of the Olympic Peninsula, as well as a strip more
than 110 km long on the Pacific coast. In 1988, the U.S.
Congress designated over 95 percent of the park as a wilder-
ness area. Much of the park is in relatively pristine condi-
tion, although effects of past human activities are evident

and persistent in some areas.
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The foundation for National Park Service (NPS) poli-
cies governing the management at ONP is the 1916 Organic
Act, which established an NPS with the purpose to “con-
serve the scenery and the natural and historic objects and
the wild life therein and to provide for the enjoyment of the
same in such manner and by such means as will leave them
unimpaired for the enjoyment of future generations” (NPS
1916). The fundamental purpose of the NPS is to conserve
park resources and values and to provide for enjoyment of
parks while avoiding or minimizing adverse impacts. Man-
agement within parks focuses on preserving physical and
biological processes and preserving the “natural abundance,
diversity, and genetic and ecological integrity of the plant
and animal species native to those ecosystems” (NPS 2006).

The mandate of the NPS requires that parks both
conserve natural resources and provide for public enjoy-
ment, although the Redwoods Act (1978) clarified that
protecting resources takes precedence over providing for
the enjoyment of the public. Nevertheless, this dual mandate
entails careful management to avoid conflicts between the
two goals. Several other statutes such as the NPS General
Authorities Act (NPS 1970), Clean Air Act (1970), ESA
(1973), NEPA (1969), Wilderness Act (1964), and Wild and
Scenic Rivers Act (1968) constitute additional directives for
park management. Management policies of the NPS (2006)
provide a stewardship framework and broad guidance to
park managers. Individual parks develop long-term manage-
ment plans and other implementation plans that describe
specific management objectives.

The ONP General Management Plan (NPS 2008)
established a vision for managing ONP for the next 15 to
20 years and aims to protect natural and cultural resources
while improving visitor experiences. The plan designated
management zones within the park and established desired
resource conditions. The plan also established fundamental
objectives including maintaining access to existing devel-
oped areas, trails, campgrounds, and facilities; seeking
additional partnerships to help provide better visitor access
and enjoyment and protection of sensitive resources;
making boundary adjustments through purchases or land
exchanges to incorporate sensitive resource areas within the

park (e.g., fish habitat, wetlands); and providing continued

protection of wilderness resources and cultural resources
within wilderness. The public participated in the develop-
ment of this plan.

Other park plans guide management practices, includ-
ing the ONP backcountry management plan, the fire
management plan, and the wilderness management plan
(to be developed beginning fall 2010). Besides regulations
found in the Code of Federal Regulations (36CFR part 7.28),
the ONP superintendant’s compendium establishes regula-
tions that are specific to ONP.

Like ONF, ONP is subject to NEPA. As part of NEPA
analyses, park managers evaluate management actions
within the park to determine their potential effect on ONP
resources, select the action that will meet park management
needs with the least impacts, and ensure that no activities
will result in impairment. Depending on the nature of the
activity, compliance may be relatively informal or may
require an EIS under NEPA.

Similar to the Forest Service, the NPS is just beginning
to address climate change in agency policy and directives.
The U.S. Department of the Interior (DOI) issued Secre-
tarial Order No. 3226 directing bureaus, including the NPS,
to “provide leadership by developing timely responses to
emerging climate change issues.” The secretarial order
requires agencies in the DOI to consider potential impacts
of climate change in planning, setting priorities for research,
and making decisions affecting resources. The order also
calls on DOI agencies to review existing programs and
policies to identify potential climate change impacts on
areas of responsibility and recommend actions in response
to potential impacts.

At the agency level, NPS management policies
(NPS 20006) refer to potential effects of climate change
on resources and call for parks to gather and maintain
climate data for reference and to educate visitors about
climate change. Future management directives may con-
sider climate change responses across all aspects of park
planning and operations. The NPS Pacific West Region,
which includes ONP, is developing mitigation strategies
in response to a regional directive that calls on all parks
in the region to aim to become carbon neutral. Park plan-

ning specialists are developing guidance to include climate
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change in general management plans and other planning
documents, as well as draft adaptation concepts for local

park units in the Pacific West Region.

Similarities in Management Between
Olympic National Forest and Olympic
National Park

Although differences in policy exist for management at
ONF and ONP, similarities in management objectives exist.
Crosscutting statutes such as the ESA (1973), NEPA (1969),
Clean Air Act (1970), and Clean Water Act (1977) apply to
all management activities for both entities. They also have
similar policy goals for preservation of biodiversity and
native gene pools. Both ONF and ONP practice ecosystem
management focused on maintaining ecosystem process and
function and use restoration as a tool to maintain process
and function. Policies applied to the wilderness areas of
the forest and park are very similar. In addition, recreation
and benefit to society are key functions of both ONP and
ONF. These similarities in management objectives provide
a consistent context for how the forest and park adapt to

climate change.
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Chapter 3: Future Climate on the Olympic Peninsula:
Forest-Relevant Climate Scenarios

Jeremy S. Littell!

Introduction

Adaptation to climate change in forest ecosystems requires
a robust estimate (or, in the case of substantial uncertainty,
multiple estimates) of future climate to use in planning and
scenario development. In this section, I borrow heavily
from the Washington Climate Change Impacts Assess-
ment (WACCIA) by the University of Washington Climate
Impacts Group (Littell et al. 2010), the chapter on future
Pacific Northwest Climate (Mote and Salathé 2010), the
chapter on regional dynamic climate modeling (Salathé

et al. 2010), and the chapter on future hydrologic regimes
(Elsner et al. 2010). I first describe emissions scenarios
used to constrain the climate models used in this study,
then summarize findings on regional climate in the Pacific
Northwest and some of the subregional consequences of
those climate changes for variables more closely related to

forest ecosystems (see box 3.1 for summary).

Emissions Scenarios: A1B (Moderate)
and B1 (Low)

To develop plausible estimates of the future climate of the
Pacific Northwest, physically based global climate models
(GCMs) that incorporate key elements of the climate system
(e.g., ocean, atmosphere, cryosphere [snow and ice], and
land surface) must be used to project future conditions
based on known climate dynamics and changes in the cli-
mate forcing factors. The primary forcings likely to affect
changes in climate the most in the 21% century are future
emissions of greenhouse gases (which increase the heat-
trapping capability of the atmosphere, causing warming)
and sulfate aerosols (which reflect sunlight and also promote
cloud formation, causing local cooling).

Under the direction of the Intergovernmental Panel on
Climate Change (IPCC), over 40 emissions scenarios have
been published in the Special Report on Emissions Scenar-
ios (SRES) (Nakic¢enovi¢ and Swart 2000). These scenarios

Box 3.1—Summary of projected climate change
effects in the Pacific Northwest and on the
Olympic Peninsula.

* The Washington Climate Change Impacts Assess-
ment, conducted by the University of Washington
Climate Impacts Group, provided detailed informa-
tion on potential climate changes in the Pacific
Northwest and on the Olympic Peninsula

Climate models project increases in annual average
temperature of +0.6 °C to +1.9 °C by the 2020s; +0.9
°C to +2.9 °C by the 2040s; and +1.6 °C to +5.4 °C by
the 2080s for the Pacific Northwest.

» Warming is expected to occur during all seasons,
with most models projecting the largest temperature
increases in summer.

Projected changes in annual precipitation in the
Pacific Northwest differ considerably between
models, but averaged over all models are small
(+1 to +2 percent).

* Ensemble means of models for precipitation suggest
wetter winters (+3.3 percent in the 2040s, +7.6 percent
in the 2080s) and drier summers (-8.5 percent in the
2040s, -12.8 percent in the 2080s).

» Summer potential evapotranspiration (one component
of water balance and closely related to fuel moisture
and tree stress) is expected to increase by 5 to 18
mm by the 2040s, with much of the largest increases
in lower elevation forests in the northeastern portion
of the peninsula.

Winter precipitation on the Olympic Peninsula is
likely to increase by 4.5 to 5 percent, on average and
depending on location.

In addition to increased precipitation quantity,
regional climate models show significant increases
in the intensity of winter precipitation in the western
portion of the Olympic Peninsula.

have widely varying assumptions about future socioeco-
nomic changes and the resulting changes in greenhouse gas
(including carbon dioxide) and aerosol emissions, and rep-

resent one constraint on future climate uncertainty. Three

! Jeremy S. Littell is a research scientist, University of Washington, Climate Impacts Group.
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Figure 3.1—Simulated temperature change for the 20" and 213t—century global climate model simulations for
the Pacific Northwest region. The black curve is the weighted average of all models during the 20" century.
The colored curves are the weighted average of all models in that emissions scenario (“low” or Bl, and “mod-
erate” or A1B) for the 21% century. The colored areas indicate the range (5th to 95M percentile) for each year in
the 21% century. All changes are relative to 1970-99 averages.

of these SRES scenarios were commonly chosen for forcing
GCMs used in the IPCC Fourth Assessment Report: Bl,
A1B, and A2. The climate forcing of all scenarios is similar
until the 2020s because of a long lifetime of coal-fired
electric powerplants and of the major greenhouse gases. Of
these three scenarios, A2 produces the highest emissions by
the end of the century, but before mid-century, none of the
scenarios is consistently the highest. Because more model-
ing groups use A1B than A2, and because the focus for this
study was on mid-century change, A1B was used as the
higher emissions scenario and Bl as the low emissions sce-
nario for analysis of 21St—century Pacific Northwest climate.
Though Bl is the lowest of the IPCC illustrative scenarios,
it still produces changes in climate that many scientists call
“dangerous” (Schellnhuber et al. 2006). At the high end,
scenario A1FI results in even higher climate forcing by 2100
than A1B. Mid-2000s global emissions of carbon dioxide
exceeded even the A1FI scenario (Raupach et al. 2007).
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Whether these exceedingly high emissions will continue
into the future is uncertain, but in any case, the projections

described here are potentially conservative.

Pacific Northwest Future Regional Climate

Mote and Salathé (2010) used 20 different climate models

to explore the consequences of two different greenhouse
gas emissions scenarios for the Pacific Northwest. All of
the models indicate that the future climate will be warmer
than the past (fig. 3.1) and, together, they suggest that Pacific
Northwest warming rates will be greater in the 21 century
than those observed in the 20" century. All changes below
are relative to the period 1970-1999, and all are region-

ally averaged changes that apply to the Pacific Northwest.
Climate models project increases in annual average tem-
perature of +1.1 °C, range +0.6 °C to +1.9 °C by the 2020s;
+1.8 °C, range +0.9 °C to +2.9 °C by the 2040s; and +3.0 °C,
range +1.6 °C to +5.4 °C by the 2080s. Climate models are
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able to match the observed 20th—century warming (0.8 °C
since 1920, or +0.1 °C per decade for 1920 to 2000) in the
Northwest, and project a warming rate of roughly +0.3 °C
per decade in the 21 century. Projected changes in annual
precipitation (fig. 3.2) differ considerably between models,
but averaged over all models are small (+1 to +2 percent).
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Figure 3.2—Simulated precipitation change for the 20" and
215t-century global climate model simulations for the Pacific
Northwest region. The black curve is the weighted average of

all models during the 20" century. The colored curves are the
weighted average of all models in that emlss10ns scenario (“low”
or Bl, and “moderate” or AlB) for the 21° century The colored
areas indicate the range (5 t0 95' percentrle) for each year in the
21° century. All changes are relative to 1970—99 averages.

Seasonal changes in climate are arguably more impor-
tant for projecting the impacts of climate change on forests.
Warming is expected to occur during all seasons, with most
models projecting the largest temperature increases in sum-
mer (fig. 3.3). Seasonal changes in precipitation early in the
21 century may not be separable from historical conditions
given the large natural variations between wetter and drier
years. Some GCMs suggest large seasonal changes (fig. 3.4),
but the ensemble means point toward wetter winters (+3.3
percent in the 2040s, +7.6 percent in the 2080s, averaged
over all A1B and B1 scenarios) and drier summers (-8.5
percent in the 2040s, -12.8 percent in the 2080s, averaged
over all A1B and B1 scenarios).

Regional climate modeling (weather models forced with
GCMs in the future, Salathé et al. 2010) points out areas and
seasons that get drier even as the region gets wetter. The
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Figure 3.3—Range (lowest to highest) of projected changes in
temperature for each season (DJF [December, January, and Febru-
ary] = winter, etc.), relative to the 1970-99 mean, for the Pacific
Northwest region. In each pair of box-and-whiskers, the left one is
for emission scenario Bl and the right is scenario A1B; circles are
1nd1V1dual model values. Box—and whlskers plots indicate 10" and
90" percentlles (whiskers), 25M and 75 percentlles (box ends),
and median (solid middle bar) for each season and scenario. Not
all values are visible due to symbol overlap. Printed values are the
weighted reliability ensemble average of all global climate models
for the season and scenario.

models with the most warming also produce the most sum-
mer drying. Regional climate models project some changes
that are similar across global models, namely increases in
extreme high precipitation in western Washington (includ-
ing the southwestern Olympics) and reductions in Cascade
Range snowpack. Regional climate models project a larger
increase in extreme daily heat and precipitation events

in some locations than the GCM ensemble suggests, the
former being true of the southwestern Olympic Peninsula
(Salathé et al. 2010). Regional climate models also suggest
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Figure 3.4—Range (lowest to highest) of projected changes in
precipitation for each season (DJF [December, January, and
February] = winter, MAM [March, April, and May] = spring, JJA
[June, July, and August] = summer, SON [September, October, and
November] = fall), relative to the 1970-99 mean, for the Pacific
Northwest region. In each pair of box-and-whiskers, the left one
is for emission scenario Bl and the right is scenario A1B; 01rcles
are 1nd1v1dual model values. Box—and whlskers plots indicate 10
and 90" percentlles (whiskers), 25M and 75¢ percentlles (box
ends), and median (solid middle bar) for each season and scenario.
Not all values are visible due to symbol overlap. The height of the
bars indicates actual water precipitation, but the percentages are
calculated with respect to a reference value for that season, so that
-11 percent in JJA is much less than -11 percent 1n DIJF. The refer-
ence values for the extremes are that model’s 20" -century mean
for that season (or annual mean), and for the Reliability Ensemble
Average, the reference is the all-model 20" -century value. Some
models project increases and some project decreases for a season,
although the vast majority project decreases for summer and
increases for winter by the 2080s.

that some Jocal changes in temperature and precipitation
may be quite different than average regional changes
projected by the global models. For example, the two global

models examined suggest winter precipitation will increase
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in many parts of the Pacific Northwest, but potentially
decrease in the Cascade Range. Future research is required
to understand if this trend is consistent across many global
models.

These comparisons between global and regional models
are not yet developed to the point that they are a strong basis
for decisionmaking; additional models would be needed
to characterize the likely seasonal trends expected in the
future. Currently, their chief use is as a research tool to
better understand where the inferences derived from global
models are likely to hold up best, which process may influ-
ence rates of change differently within a region, and which
changes might be expected to exacerbate extreme events
(e.g., prolonged droughts or high-intensity storms). On the
Olympic Peninsula, for example, it is possible that decreases
in snowpack in spring will lead to higher rates of warming
in spring than the regional average owing to the loss of the
snow albedo feedback, an effect that the GCMs would not
likely capture.

Climatic Downscaling: Winter Precipitation
and Water Deficit

The GCMs produce output at relatively coarse scales (100
km or greater) and do not yet operate at scales that provide
future climate estimates useful for subregional planning.
However, downscaled future climate projections at more
local scales are based on the relationship between finer
scale historical observations and the GCM during the same
historical period. The best way to constrain uncertainty in
future regional climate associated with the high number of
potential GCM futures is to use the fidelity of each model
to the 20 century observed record to gage its usefulness
for regional projection (Mote and Salathé 2010). In the
WACCIA comparison of GCMs (Mote and Salathé 2010),
models were weighted according to their fidelity to con-
struct an ensemble average or an average of all models that
gives more weight to models that did well in predicting past
climate in the region. However, another approach to this
problem (Hamlet et al. 2010, Overland and Wang 2007) is
to constrain the average to models that best estimate
observed climate (i.e., models that have the smallest bias

in temperature and precipitation and that simulate the
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most realistic annual cycle in these parameters). Hamlet

et al. (2010) evaluated a pool of 20 GCMSs run for the A1B
scenario in IPCC Fourth Assessment Report (Solomon et
al. 2007) and selected 10 models, eliminating models that
do a poor job of estimating climate change already known
to have occurred. In this section on deficit, the average
(ensemble) is composed of this subset of the available
GCMs: UKMO-HadCM3, CNRM-CM3, ECHAMS5/MPI-
OM ECHO-G, PCM, CGCM3.1(T47), CCSM3, IPSL-CM4,
MIROC3.2(medres), and UKMO-HadGEM.

Elsner et al. (2010) described methods and results for
future climatic downscaling and incorporation into hydro-
logic modeling by using the Variable Infiltration Capacity
(VIC) hydrologic model. Littell et al. (2010) showed that
Washington forest ecosystem processes such as tree growth
and fire are directly associated with potential evapotrans-
piration, actual evapotranspiration, and their difference
(water balance deficit [DEF]), particularly in summer. The
DEF is effectively the difference between water demand by
the atmosphere and water supply in the soil profile; when
demand exceeds supply, there is deficit. These variables are
derived from temperature, precipitation, and other physical
variables in VIC. Future changes in June to August (JJA)
water balance deficit on the Olympic Peninsula (2040s, sce-
nario A1B) are greatest in the northeast, east, and southeast,
with increases (effectively drier) of 0.4 in (10 mm) to 2.4 in
(60 mm) depending on location, likely because of increased
evapotranspiration associated with increased temperature
(fig. 3.5). Some of the highest elevations suggest decreases
in deficit of similar magnitude, likely owing to increased
snowmelt.

Winter (December to Februar