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Regional Forest Landscape Restoration
Priorities: Integrating Historical Conditions
and an Uncertain Future in the Northern

Rocky Mountains

Barry L. Bollenbacher, Russell T. Graham, and Keith M. Reynolds

National law and policy direct the management of the National Forests, with restoring resilient forest conditions
being an overarching theme. Climate is a major driver of disturbances that affect ecosystems, especially those
with vegetation that show large departures from historical conditions. Drought, fire, insects, and diseases are
common forest siressors whose impacts are being exacerbated by dimate change. These stressors are threatening
the ecosystem services that people value in the forests of the northern Rocky Mountains. The forests of most
concern are the dry ponderosa pine and Douglas-fir, moist western white pine mixed with western larch, and
cool lodgepole pine mixed with quaking aspen and whitebark pine. Potential reductions in some ecosystem
services pose a challenge in terms of not only direct biophysical consequences but also social and economic values
that flow from these forests. Values at risk indude forest integrity, wildlife habitat, watershed condition, fish
habitat, recreation opportunities and investments, community infrastructure, and public safety. This arficle
describes a decision support tool developed by the USDA Forest Service Northern Region in 2010 to support
integrated restoration planning. The Northern Region’s Integrated Restoration and Protection Strategy (IRPS) is
premised on identifying historical condifions through application of the natural range of variability, comparing
them with current conditions, and considering a broader range of future issues, including climate change. The
IRPS assists managers in the complex task of evaluating factors that influence national forest planning efforts.
The assessment and IRPS, by integrating ecological, social, and economic considerations, will help managers of
national forests prioritize restoration opportunities using increasingly scarce financial resources. The IRPS will be
most beneficial when associated with planning silvicultural practices and fire management directed at restoring
the forests of the Northern Region to a more resilient condition.
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he National Forest Management
Act of 1976 (NFMA) provides the
basis for restoring National Forest

System lands. Forexample, NFMA Sec. 4.(d)
(1) states that

It is the policy of the Congress that all for-
ested lands in the National Forest System
shall be maintained in appropriate forest
cover with species of trees, degree of stock-
ing, rate of growth, and conditions of stand
designed to secure the maximum benefits of

multiple use sustained yield management in
accordance with land management plans.

In response to that policy, the 2012
Planning Rule implementing the NFMA in-
corporates social, economic, and ecological
sustainability. An ecosystem approach de-
veloped through assessments and public col-
laboration is used for forest plans to develop
desired conditions that maintain the diver-
sity of plant and animal communities of a
forest. Desired conditions are developed us-
ing, but not limited to, information such as
the natural range of variability and the eco-
logical, social, economic, and climate condi-
tions of a forest. As such, managing National
Forest System lands for ecological resiliency
has become one of the major goals of the US
Department of Agriculture (USDA) Forest
Service. In 2010, the Northern Region of the
Forest Service developed a decision support
tool to inform planning efforts for restoration
at large spatial scales. This decision process is
rooted in reconstructing historical ecosystem
structures and processes to gain ecological un-
derstanding. These reconstructions have come
to be called the natural range of variability
(NRV). Consideration of the role of changing

climate is one key to understanding the link

Received November 22, 2013; accepted July 22, 2014; published online August 14, 2014.

Affiliations: Barry L. Bollenbacher (bbollenbacher@f.fed.us), USDA Forest Service, Northern Region, Missoula, MT. Russell T. Graham (rtgrabam@f. fed. us),
USDA Forest Service, Rocky Mountain Research Station. Keith M. Reynolds (kreynolds@f.fed.us), USDA Forest Service, Pacific Northwest Research Station.

Acknowledgmenis. Many peaple have been involved in development of the Integrated Restoration and Protection Strategy, and we acknowledge their contributions here.

We also thank Melissa Hart and Lindy Larson for their editing assistance.

474 Journal of Forestry * September 2014


mailto:kreynolds@fs.fed.us
mailto:rtgraham@fs.fed.us
mailto:bbollenbacher@fs.fed.us
http://dx.doi.org/10.5849/jof.13-086

w Jones et al. (1998)
" | s— Mann et al, (1999)

Temperature anomaly (°C wrt 1961-90)

LTI "This study (& errors)

1000

1400 1600

Year (AD)

2000

Figure 1. Likely temperature variation over the past 1,000 years. These data are a compilation of tree ring studies relating tree ring width

to climate (Briffa et al. 2001).

among historical, current, and future forest
conditions for several of the Northern Re-
gion’s prominent forest types.

Observed and Projected
Climate in the Northern Rocky
Mountains

Observed Climate Trends and Forest
Change

Past and future climates have and will
continue to influence forest composition
and disturbance regimes such as fire, insects,
and diseases. How these stressors will affect
ecosystems in the future is largely unknown.
However, we do know specific aspects con-
cerning climate that provide insight. Two
noteworthy climate fluctuations were the
medieval warm period (1000— 1400 ap) fol-
lowed by the mini-ice age (Figure 1). The
Pacific Decadal Oscillation (PDQO), El
Nino, and La Nina temperature changes in
the northern Pacific Ocean have major in-
fluences on the weather of the northwestern
United States. The PDO temperature index
for the past century correlates well with the
occurrence of wildfires and bark beetle epi-
demics in the northern Rocky Mountains.
Climate is recognized as a major driver of
severe and widespread wildfires because all
major fires in the northern Rockies have
occurred during the warm phase of the
PDO (McKenzie et al. 2004, Morgan et
al. 2008). This trend was reinforced by the
fire patterns between 2000 and 2007. In

contrast, the cool summers of 2008, 2009,
and 2010 resulted in few major fires in the
northern Rockies. These changes in wild-
fires occurred with minimal changes to
fuel and fire suppression capabilities dur-
ing those years.

The PDO temperature index for the
past century also correlates with bark beetle
epidemics. In the northern Rockies during
warm PDOs, major mountain pine beetle
(MPB) epidemics have occurred in the peri-
0ds 1920-1940 and 1970-1990, and in the
current period beginning in 2001. From
1940 through 1975, the climate was cool
and wet, which aided effective suppression
that limited wildfires and promoted tree
growth and which possibly minimized MPB
outbreaks (Figure 2). However, these same
conditions facilitated abundant forest regen-
eration and forest densification. As a result,

since the PDO commencing in 1940, many
forests in the northern Rockies have become
more homogeneous and have changed fire
regimes from nonlethal and mixed sever-
ity to more lethal (Quigley and Arbelbide
1997).

Projected Climate Trends and Forest
Change

All global climate models (GCMs)
project surface temperature warming in the
northern Rockies in all seasons regardless of
uncertainties in modeling or greenhouse gas
emissions (Nakicenovic and Swart 2000,
Meehl et al. 2007). Nationally, the National
Oceanic and Atmospheric Administration'
has predicted that 77% of weather stations
will have reported increased maximum tem-
peratures and 94% of stations will have re-
ported increased minimum temperatures.

Management and Policy Implications

Contemporary forest management begins with two questions: “Why here?” and “Why now?” The
Integrated Restoration and Protection Strategy (IRPS) includes multiple management obiectives and uses
a set of very complex variables to identify high-priority watersheds for restoration. Thus, IRPS is an
excellent tool for addressing these questions. By attaining the most efficient solution, IRPS can offer
management actions that are often constrained by limited budgets while addressing social needs. In
general, forests resilient to wildfires, insects, and diseases, likely to be exacerbated by a changing climate,
offer the greatest opportunity for supplying ecosystem services to people living in and visiting the Northern
Region. Because of its transparency, the IRPS enables the Northern Region to have constructive dialogue
among external public groups, infernal specialists, and line officers in setting forest restoration priorities
in the face of a changing climate and uncertain budgets.
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Figure 2. Within the Northern Region of the USDA Forest Service, both MPB and wildfire

temperatures of the northern Pacific Ocean
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Table 1. Modeled effects of future wildfire characteristics in many forested regions of
western North America (Flanigan et al. 2005q).

Effects

Reference(s)

Longer fire seasons

Increased number of days with high fire danger
Increased frequency of ignitions

More frequent episodes of extreme fire behavior
Increased frequency of large fires

Increased area burned

Increased risk of property and resource loss
More frequent occurrence of lethal fire effects in
ponderosa pine forests if physiological stress

occurs as a result of increasing winter drought

Brown et al. (2004b), Nitschke and Innes (2008)
Brown et al. (2004b)
Price and Rind (1994), Bachelet et al. (2007)
Nitschke and Innes (2008)
Westerling and Bryant (2008)
Bachelet et al. (2001), McKenzie et al. (2004),
Flanigan et al. (2005b), Bachelet et al. (2007),
Lenihan et al. (2008)
Westerling and Bryant (2008), Nitschke and Innes (2008)
Keeling and Sala (2012)

These projected temperature increases by
2040 exceed the observed 20th century year-
to-year variability. Many climate models
have also projected increases in precipitation
during the winter and decreases in summer,
but these changes are comparable to 20th
century variability. Beyond midcentury, cli-
mate change projections are less certain be-
cause they depend increasingly on green-
house gas emission rates. Based on these
climate trends and projected warming that
may persist for decades if not centuries, there
may be significant changes in how wildfires,
insects, and diseases impact forests (Bentz et
al. 2009, Littell et al. 2010). Statistical mod-
els, mechanistic simulation models, and

476

landscape disturbance models that have
been used to evaluate future wildfire charac-
teristics in many forested regions of western
North America project many potential ef-
fects (Table 1).

Potential implications of these changes
in fire regimes include the following:

+ An increase in area occupied by early
seral forests and a decrease in area occupied
by late seral forests (Brown et al. 2004b,
Chmura et al. 2011).

A decrease in the area occupied by
nonfire-adapted species (e.g., hemlock, true
firs, and spruce) (Chmura et al. 2011).

e Increased tree mortality from stressors
singly and in combination such as drought,
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insects, diseases, and fire (Westerling et al.
2011, Keeling and Sala 2012).

* The potential for persistent shifts in
vegetation composition and structure (Loe-
hman et al. 2011, Westerling et al. 2011,
Marlon et al. 2012).

Application of NRV to Prominent
Northern Rocky Mountain Forest
Types

During the last two decades, ecologists
have increasingly relied on reconstructions
of historical ecosystem structures and pro-
cesses to gain ecological understanding.
These historical reconstructions have come
to be called the NRV and use the concept of
historical/natural conditions and processes
within some range, in which they varied
(Tinker et al. 2003, Veblen 2003, Brown et
al. 2004a, Dillon et al. 2005, Meyer et al.
2005, Nonaka and Spies 2005). The con-
cept of NRV has been suggested as a frame-
work for coarse filter conservation strategies
(Haufler et al. 1996, Landres et al. 1999).
NRV concepts were developed in part to
better understand how disturbance, vegeta-
tion, and other ecosystem components in-
teract and in turn how their interaction af-
fects biophysical elements such as plants,
animals, fish, and soil and water resources.
Historical perspectives increase our under-
standing of the dynamic nature of land-
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Figure 3. Departure from historic conditions of the ponderosa pine type in the Northern Region, USDA Forest Service. Negative
departure values indicate less of a type and positive values more of a type than what historically occurred on the landscape. PIPO,

ponderosa pine.

scapes and provide a frame of reference for
assessing current patterns and processes
(Swetnam et al. 1999).

The Northern Region National Forests
used this process in developing a NRV for
vegetation and define it as the range of vari-
ation in spatial, structural, compositional,
and temporal characteristics of ecosystem el-
ements as affected by climatic fluctuations
and disturbances (Keane et al. 2008, Wiens
et al. 2012). The NRV analysis focuses on
forest composition, structure, landscape pat-
tern, and processes (disturbance and succes-
sion) and has been used to help identify de-
sired conditions for the future. The concept
of comparing current vegetation conditions
with both the historical and potential future
conditions is described by Gartner et al.
(2008). The knowledge gained from this ap-
proach can then be used to help inform ad-
aptation activities and tactics in regard to

management decisions that may need to be
made regarding how climate change may af-
fect future landscape conditions and how
adaptation strategies are developed (Keane
et al. 2008, Wiens et al. 2012). Given these
insights, climate change adaptive strategies
such as fostering resistance and resiliency in
forest ecosystems can be considered. In ad-
dition, NRV comparisons can be used to
characterize desired conditions in forest plan
revision efforts. To illustrate the usefulness
of the NRV concept to forest planning ef-
forts, the following discussion summarizes
pertinent departures from NRV conditions
for prominent forest cover types of the
northern Rocky Mountains.

Dry Ponderosa Forests—Fire
Frequency

With departure of historically open
grown ponderosa pine as an example, this

species is often the only one that can colo-
nize the hot dry surface conditions of a dis-
turbed site within the dry forests of western
and central Montana (Figure 3). Over time,
as it develops, it provides a shaded environ-
ment where less heat-tolerant Douglas-fir
can establish. Under the historic low-sever-
ity fire regime, the thick barked ponderosa
pines survive frequent forest fires and the
thinner bark Douglas-fir or ponderosa pine
seedlings do not. When frequent fires were
sustained, the ponderosa pine forest devel-
oped into large patches of open grown old-
growth structure intermixed with small
openings that can persist for centuries, pro-
vided moisture and temperature regimes do
not dramatically change. During a cool wet
climate period, along with fire exclusion,
ponderosa pine forests allowed Douglas-fir
and/or dense ponderosa pine to become es-
tablished. Over decades, such forests became
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Figure 4. Departure from historic conditions of the western white pine type in the Northern Region, USDA Forest Service. Because of white
pine blister rust, bark beetles, and harvesting, the occurrence of western white pine has decreased dramatically in northern Idaho. Negative
departure values indicate less of a type and positive values more of a type than what historically occurred on the landscape. PIMO3,

western white pine.

dominated by dense Douglas-fir that ex-
ceeded measures of cover and density com-
pared with what historically occurred on
the landscape. The increased biomass and
structural homogeneity allow large crown
fires that reinitiate stand development, and
if the forest reburns, these areas may become
nonforested due to loss of seed, limited soil
moisture, and high surface soil temperature
(Keeling and Sala 2012, Turner etal. 2013).

Western White Pine Stands—White
Pine Blister Rust

Historically, western white pine was a
common tree species in the region, particu-
larly in northern Idaho, and dominated a
very large part of the moist habitat types.
Across its range, the western white pine
cover type is now estimated to be <5% of
what it was at the turn of the 20th century
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(Neuenschwander et al. 1999) (Figure 4).
In the early part of the 20th century, white
pine blister rust (a Eurasian disease) was
accidentally introduced to western North
America. Combined with a MPB outbreak
in western white pine in this area (Neuen-
schwander et al. 1999), this exotic disease
has been the primary cause for the loss of
white pine in this area. With the loss of
white pine, there have been large increases
in the amount of Douglas-fir and grand
fir-dominated forests and a major acceler-
ation of forest succession toward shade-
tolerant, late-successional true-firs, west-
ern hemlocks, and western red cedars.
Western white pine had the ability to form
a stable, relatively long-lived forest that
was perpetuated by a combination of
mixed-severity and stand-replacing wild-

fires (Monnig and Byler 1992, Zack and
Morgan 1994, Harvey et al. 1995).

Dry Mixed Conifer Stands—Root
Disease

In natural mixed-species stands, west-
ern white pine, ponderosa pine, and western
larch were most resistant to root pathogens
that frequently killed Douglas-fir and the
late seral true firs. In these historic forests,
insects, and diseases probably served as sta-
bilizing agents, removing the maladapted
late seral species and favoring the early seral
pines and western larch (Harvey et al. 1999).
Thus, over the first 150 years or so of a
mixed-species stand’s life, western white
pine and western larch would dominate
(Rockwell 1917, Monnig and Byler 1992,
Hoffand McDonald 1994). Currently, with

the absence of western white pine and de-
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Figure 5. Departure from historic conditions of the hardwood forest type in the Northern Region, USDA Forest Service. Quaking aspen in
particular has experienced sharp declines within the Region. Negative departure values indicate less of a type and positive values more

of a type compared with what historically occurred on the landscape. HDWD, hardwood.

creased amounts of ponderosa pine and
western larch, root pathogens have trans-
formed from thinning agents into major
stand-change agents. Depending on the
habitat type, root pathogens may either stall
succession in a diseased shrub/sapling/open
pole condition or accelerate succession toward
shade-tolerant species. The resulting forests are
much more susceptible to drought and severe
wildfire than historical forests (Byler and
Hagle 2000).

Mixed Lodgepole Pine, Quaking
Aspen, and Whitebark Pine
Stands—MPB

The mixed lodgepole pine, quaking as-
pen, and whitebark pine forests of central
Montana are significantly different from his-
torical forests as a result of wildfires and tim-
ber harvests between 1890 and 1940. After
1940, during a cool PDO and effective fire

suppression, disturbance was reduced, re-
sulting in the homogenization of these pine-
dominated forests and the gradual exclusion
of quaking aspen (Figure 5). Such a dynamic
in lodgepole pine forests has prevailed in
central Montana, central and western Can-
ada, and the central Rocky Mountains. The
resulting large expanses of homogenized for-
ests are very susceptible to MPB epidemics,
which are very responsive to habitat and cli-
mate conditions (McGregor et al. 1981, Sa-
franyik and Shore 1992). MPB outbreaks
tend to occur during warm and dry condi-
tions and can cease after extreme winter cold
(Logan and Bentz 1999).

During the 20th century, MPB caused
widespread tree mortality in the northern
Rockies (Evenden 1934, 1944). MPB out-
breaks during the period 1920-1930 and
from the late 1970s to early 1980s killed

large expanses of lodgepole pine in Idaho
and Montana. These epidemics were very
similar to the most recent outbreak begin-
ning in 2001 (Cole and Amman 1980, Mc-
Gregor and Cole 1985).

In addition to lodgepole pine forests,
whitebark pine forests are susceptible to
MPB, and an outbreak in this forest type
occurred in the 1920s. However, over the
last decade, an unprecedented level of MPB
activity has occurred in high-elevation
whitebark pine forests across much of the
western United States and Canada (Gibson
2008). There is considerable concern over
whitebark pine because, in addition to
MPB, fire exclusion and white pine blister
rust have contributed to significant declines
in the species across its range in western
North America, a decline that could be fur-
ther exacerbated by a warming climate
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(Keane and Parsons 2010, Keane et al.
2012). Without management intervention,
losses of this species across its range could
have major consequences for biodiversity
and threaten the species existence (Tomback
2007).

Integrated Restoration and
Protection Strategy

During 2010-2011, Northern Region
resource specialists updated the Integrated
Restoration and Protection Strategy (IRPS)
first completed in 2006, using the decision
support system methods and models imple-
mented in the Ecosystem Management De-
cision Support System (Reynolds et al.
2003, Reynolds 2006). Their goal was to
provide a consistent, transparent, and repro-
ducible approach to identifying and priori-
tizing restoration opportunities by subwa-
tersheds across the Region.

The updated IRPS now provides infor-
mation to help forests and districts assess
ecological conditions, assess risks to related
ecosystem services, describe ecosystems that
can cope with future disturbances, and iden-
tify and prioritize potential subwatersheds
for accomplishing goals and objectives of
forest and grassland plans. Such goals in-
clude implementing projects that restore
land and water resources, providing wildfire
protection to communities, and producing
sustainable and resilient forests and grass-
lands. IRPS also provides information on
values that may be vulnerable or at risk to
wildfires, insects, and diseases to help forests
and districts develop integrated land man-
agement projects.

Important assumptions about ecologi-
cal trends disclosed in the IRPS include the
following:

« Expect warmer temperatures, similar
precipitation, with drier summers, resulting
in increasing moisture deficits (Littell et al.
2009).

« Expect increases in the number and
size of severe wildfires (Littell et al. 2010,
Dillon et al. 2011, Keane et al. 2012, Keel-
ing and Sala 2012, Turner et al. 2013).

« Expect increasing bark beetle activity
(Bentz et al. 2009).

« Expect shade-intolerant tree species to
cope more effectively with possible future
climate scenarios than shade-tolerant species
(Chmura et al. 2011).

« Expect persistent shifts in vegetation
compositions and structures (Lochman etal.
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2011, Westerling et al. 2011, Marlon et al.
2012).

Considering these assumptions, a
framework for restoring forest conditions to
be more resilient include the following:

* Restoring a higher proportion of
shade-intolerant tree species such as pon-
derosa pine, western larch, and western
white pine should enable forests to cope
more effectively with climate change and in-
creasing disturbance, and these restored for-
ests should have a greater capacity to persist
compared with those more dominated by
shade-tolerant species (Chmura etal. 2011).

* Reducing forest density should help
forests cope with increasing moisture deficits
and intense wildfire (Chmura et al. 2011).

» Restoring size and age class diversity
arranged in patches and patterns of these
conditions should minimize disturbances
from affecting large landscapes and encour-
age forest regeneration (Turner et al. 2013).

The IRPS framework not only consid-
ered forest vegetation but also included a
number of other themes related to social
concerns and expectations:

Theme 1—Vegetation resilience

Theme 2—Terrestrial species habitat

Theme 3—Water quantity and quality

Theme 4—Aquatic species

Theme 5—Past investments in recreation
settings and new opportunities

Theme 6—Public safety and infrastructure
protection by addressing current MPB
outbreaks and the resulting fire risks to
communities and recreation sites

An example is the forest resiliency
model (e.g., not only vegetative resilience
but also soil, water, and wildlife). Forest de-
parture was incorporated with the influence
that stressors, probably exacerbated by a
changing climate, may affect forests. Al-
though incomplete, such information can be
estimated by determining how stressors
probably modified forest composition and
structure under variable climates of the past.
The forest resiliency model provided a spa-
tial answer to the planning question,
“Which forests are most vulnerable to loss of
important elements (e.g., trees, wildlife, and
soils) in a changing climate and where are
there opportunities to restore them to a
more resilient condition?” This IRPS model
included several value and stressor attri-
butes. Values related to loss of resiliency,
which focus on departure from the desired
condition (as informed by NRV), were
weighted at 70% and include dominance

forest type (25%), tree size (5%), and warm-
dry forest type canopy cover (40%). Stres-
sors were weighted at 30% and include cur-
rent insect occurrence (15%), crown fire
burn probability (20%), and bark beetle
hazard (5%).

Application of the model over the
Northern Region subwatersheds identified
those that have the greatest and least oppor-
tunity for ecosystem restoration (Figure 6).
When all six themes are included in one
model, an integrated solution for multiple
resource opportunities for restoration can be
identified. By doing so, site-specific treat-
ment prescriptions informed by the IRPS
can be developed that have the best oppor-
tunity of restoring the targeted ecosystems
(Figure 7). As part of informing local man-
agement prescriptions, the IRPS provides
context for such actions and describes their
impacts and vulnerabilities related to cli-
mate change (Bollenbacher 2013). For ex-
ample, at the landscape scale, the IPRS can
show where forest heterogeneity and pattern
may limit the extent of large uncharacteris-
tically severe disturbances such as wildfires
and/or bark beetle epidemics using mechan-
ical and fire tools (Turner et al. 2013). In
addition, by highlighting where moisture
deficits may occur because of changing cli-
mates, the IPRS can show where wildfires,
insects, and diseases may be at higher levels.
By doing so, management strategies stress-
ing climate adapted species (e.g., seral and
genetically appropriate) compositions and
structures (e.g., densities, grouping, and ar-
rangement) that will allow the forest to have
the capacity to cope with future levels of dis-
turbance can be promoted (Table 2).

Before IPRS, planning and execution of
management actions ranging from vegeta-
tion treatments to travel planning were most
often developed on forests and even ranger
districts in response to local conditions and
local stakeholders. However, issues such as
sustaining salmon, steelhead, and other fish
habitat, maintaining vibrant forest indus-
tries, addressing wildfire hazard and re-
sponse, providing big game habitat, and
providing small and large carnivore (e.g.,
Canadian lynx and grizzly bear) habitat tran-
scend many forest and regional boundaries
and go beyond most state, private, and fed-
eral land borders (Quigley and Arbelbide
1997). The IPRS allows the Forest Service to
set management priorities using a rational
process that can address broad-scale issues
that will provide context and understanding
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Table 2. Recommendations for silvicultural practices and adaptation tactics for tree
species in the Northern Region of the USDA Forest Service.

Tree species

Adapration tactics and silvicultural practices to consider

Ponderosa pine

Reduce forest density in all successional stages. Consider some shift in distribution on dryer
margins, plant ponderosa pine on sites where Douglas-fir or grand fir has replaced
ponderosa pine considering NRV, in areas not on dryer margins.

Reduce forest density in all successional stages. Consider some shift in species distribution
on dryer margins. On moist sites, shift to western white pine, ponderosa pine, and
western larch where they occurred historically to reduce impacts of root disease.

Shift to western white pine, ponderosa pine, and western larch to reduce impacts of root
disease. Maintain grand fir on moist habitats within the current mixed mesic forest.

Consider shifts in species distribution to areas where less moisture deficit will occur in the

Shift to western white pine, ponderosa pine, and western larch where they occurred

Aggressively plant rust-resistant white pine especially on sites where less soil moisture deficit

Plan for a diversity of successional stages primarily using fire to achieve this resource benefit
and reforest via planting improved stock where the opportunity exists. Wildfire to
achieve multiple resource benefits is a significant tool to restore whitebark pine.

Distribution may contract to northerly aspects and soils with potential to have minimal

Distribution may contract to the northerly aspects and soils with potential to have minimal

Douglas-fir
Grand fir
Cedar
future.
Hemlock
historically to reduce impacts of root disease.
White pine
is expected.
Whitebark pine
Spruce
moisture deficit: manage spruce more intensively on these sites.
Subalpine fir
moisture deficit: manage for subalpine fir on these sites.
Larch

Distribution may contract to the northerly aspects and soils with potential to have minimal

moisture deficit: manage more intensively on these sites with reduced stocking levels

compared to current levels.
Mountain hemlock

Distribution may contract to the northerly aspects and soils with potential to have minimal

moisture deficit: manage mountain hemlock on these sites.

Lodgepole pine
stocking levels.
Aspen

Manage for landscape heterogeneity of pattern and successional stages; manage for reduced

Encourage increases in disturbance by more regeneration of quaking aspen within current

lodgepole pine forests. Plan for potential distribution to contract to the more northerly
aspects and/or where soils have the potential to have minimal moisture deficit and
manage quaking aspen more intensively on these sites.

to local management actions, especially in
the face of an uncertain climate.

Endnote

1. For more details, see www.ncdc.noaa.gov/oa/
climate/research/cag3/na.html.
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