Intermountain Adaptation Partnership

Pat Behrens, USFS Intermountain Region

Intermountain Adaptation Partnership

Direct effects altered
vegetation growth, mortality,
and regeneration
Indirect effects through altered
disturbance and interactions
with altered ecosystem
processes hydrology, nonnative species, etc.)
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Possible outcomes:
Decreased abundance
Range expansion
New vegetation
communities
Historical vegetation
complexes may shift to
other areas
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Subalpine Pine
Subalpine Spruce-Fir
Mesic Mixed Conifer
Mesic Grand Fir/Douglas-fir
Mesic Douglas-fir
Mesic White Fir/Douglas-fir
Sierra Mesic Mixed Conifer

Dry Mixed Conifer
Dry Grand fir/Douglasfir/Ponderosa Pine
Dry Douglas-fir/Limber Pine
Dry White fir/Douglasfir/Ponderosa Pine
Sierra Dry Mixed Conifer

Persistent Lodgepole Pine
Aspen Mixed-Conifer
Montane Pine
Riparian
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All assessments contain
uncertainty about projections of
future conditions
Uncertainty can result from lack of
information or disagreement
about current knowledge.
Uncertainty can result from known
and unknown errors.
Uncertainty differs from
variability, which is the range of a
value or ecosystem variable.
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Expert opinion = Experts assess
what will happen to vegetation
under various climate change
scenarios.
Field assessment = Sampling or
remote sensing to monitor
vegetation change as the
climate warms.

Empirical models = Habitat or
range shifts of tree species
from climate warming (species
distribution models)
Process models = Most
effective technique uses
mechanistic modeling to assess
climate-mediated vegetation
responses
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Productivity may increase — increasing temperatures, longer
growing seasons, CO2 fertilization
Seedling establishment —Drought and high temperatures
may narrow window for in low-elevation forests, widen
window in high-elevation forests.
Tree mortality — Caused by moisture stress.
Extreme climate events — Late growing season frosts, high
winds, etc.  large-scale mortality.
Disrupted phenology — Mistimed phenological cues and
events with new climates (e.g., flowering occurring during dry
portions of the growing season).
Genetic limitation — Limitation of species and individuals;
specialists may become maladapted to new climates.
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Assess vulnerability for tree
species based on
Ecological characteristics
Disturbance interactions
Current and historical
conditions
Potential climate change
responses
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Douglas-fir
Autecology - Douglas-fir is found growing in pure and mixed conifer
stands, intermediate in shade tolerance, tolerates drought better
than most competitors.

Disturbance interactions - Mature trees have a high capacity to
survive fire (thick bark, deep roots, high crowns). Ponderosa pine
and western larch have better ability to survive fire, so frequent fire
keeps Douglas-fir cover relatively low.
Current and historical conditions - Historical frequent wildfire kept
Douglas-fir from becoming established on some dry sites. Fire
exclusion and logging have allowed Douglas-fir to become more
dominant, including high stem densities in fire-excluded stands.
Potential climate change responses - Some studies suggest that
Douglas-fir distribution will increase in a warmer climate. A recent
study provides convincing evidence that growth will decrease in the
future.
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Middle Rockies (MR)
Southern Greater
Yellowstone (GY)
Uintas and Wasatch
Front (UWF)
Plateaus (Plat)
Great Basin and SemiDesert (GB)
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PNV Species – Whitebark pine, limber pine, bristlecone








Increased risk to bark beetles
Whitebark pine highly vulnerable; adding to
existing stresses (blister rust and beetles)
Clark’s Nutcracker – densities <20 ft2 BA
Bristlecone pine increasingly stressed by low soil
moisture, reducing pine growth, regeneration
Limber pine, increased growth in the upper
subalpine zone because of a longer growing
season. May migrate to higher elevations where
conditions are suitable.
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PNV Species – Subalpine fir, Engelmann
spruce, blue Spruce
Seral Species – Douglas-fir, lodgepole pine,
western larch








Forests will be moderately vulnerable to a warmer climate.
Subalpine fir, Engelmann spruce, and blue spruce may all have increased growth; may migrate to higher
elevations
Crown fires may be prevalent, eliminating mature trees across the landscape.
Lodgepole pine could be more susceptible to mountain pine beetle; but serotinous cones may allow for rapid,
dense regeneration; will likely persist in high-elevation landscapes.
Quaking aspen will be minimally affected by a warmer climate, especially compared to aspen at lower
elevations.
Douglas-fir is a seral species, it could increase in distribution; more fire tolerant than associated species.
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Mesic Grand Fir/Douglas-fir Forests

PNV Species – Grand fir, Douglas-fir
Seral Species – Douglas-fir, lodgepole pine,
western larch, ponderosa pine







Late-seral forests may become increasingly susceptible to wildfire, especially where fire has been
excluded for many decades.
Grand fir and lodgepole pine, are subject to high mortality in intense fires. These species are intolerant
of low soil moisture; will probably decrease in warmer climate
Increased wildfire extent and intensity will favor Douglas-fir, ponderosa pine, and western larch; lateseral species may become less common.
Lodgepole pine is expected to respond to wildfire favorably with rapid, high regeneration; expected to
persist across the landscape, possibly with increased stress from insects and pathogens.
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Mesic Douglas-fir Forests
PNV Species –Douglas-fir
Seral Species – Lodgepole pine




Increased wildfire extent and intensity
will favor Douglas-fir.
Lodgepole pine is expected to respond
to wildfire favorably with rapid, high
regeneration; increased stress from
insects and pathogens.
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Mesic White Fir/Douglas-fir Forests
PNV Species – White fir, Douglas-fir
Seral Species – Douglas-fir, lodgepole pine,
ponderosa pine






Late-seral forests may become increasingly
susceptible to wildfire
White fir and lodgepole pine, are subject to
high mortality in intense fires.
Increased wildfire extent and intensity will
favor Douglas-fir and ponderosa pine; lateseral species may become less common.
Lodgepole pine is expected to respond to
wildfire favorably with rapid.
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Dry Grand fir/Douglas-fir/Ponderosa Pine Forests
PNV Species – Grand fir, Douglas-fir
Seral Species – Douglas-fir, lodgepole pine,
ponderosa pine




Late-seral forests may become increasingly
susceptible to wildfire
Increased wildfire extent and intensity will
favor Douglas-fir and ponderosa pine
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Dry Douglas-fir/Limber Pine Forests
Upland, lower montane, forest communities where the only species capable of
occupying the site are Douglas-fir and/or limber pine ( GY, MR, UWF)





Limber pine may be challenged
by mountain pine beetles, white
pine blister rust, and increasing
wildfire.
Increased wildfire extent and
intensity will favor Douglas-fir.

Intermountain Adaptation Partnership
Dry White fir/Douglas-fir/Ponderosa Pine Forests
PNV Species – White fir, Douglas-fir,
ponderosa pine
Seral Species – Douglas-fir,
ponderosa pine, Gambel oak,
curlleaf mountain mahogany,
bigtooth maple, rocky mountain
juniper, two-needle pinyon pine,
singleleaf pinyon pine





Woodland species curlleaf mountain mahogany, Gambel oak, and bigtooth maple are all drought tolerant
and sprout vigorously after fire; these species should be able to cope with both drier soils and increased
wildfire.
Two-needle pinyon and singleleaf pinyon are very drought tolerant, but typically killed by intense fire;
regenerate could be difficult with increased competition.
Singleleaf pinyon may be susceptible to Ips in warmer climates.
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Sierra Dry Mixed Conifer Forests
PNV - Sierra white fir, Shasta red fir, or coastal Douglas-fir
Seral Species - ponderosa pine, Jeffery pine, and Washoe pine.




True firs are intolerant of low soil moisture; growth and productivity will decrease in warmer climate; Shasta
red fir has some fire tolerance, but Sierra white fir is subject to high mortality in intense fires.
Increased fire will favor Douglas-fir, Jeffrey pine, and Washoe pine.
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Upland forest communities where lodgepole pine is the only tree species present for long
periods of time under natural disturbance regimes. If present, other tree species are
uncommon and discontinuous.






Expect the number of fires to increase and fire return intervals to decrease
Years with no major fires, which were common historically, are expected to be rare
More frequent fire regime could change fuel dynamics.
Expect less mature and older forest

Intermountain Adaptation Partnership

PNV Species – Subalpine fir, Engelmann
spruce, grand fir, Douglas-fir, white fir, blue
spruce, Sierra white fir, Shasta red fir,
coastal Douglas-fir
Seral Species – Lodgepole pine, Douglas-fir,
ponderosa pine, Jeffery pine, Sierra
lodgepole pine






Mature spruce-fir forests will become less common, or will persist only on north slopes and in valley
bottoms, with increased fire.
At higher elevations, early-seral species, especially aspen, will attain increasing dominance.
At the lower-elevations, ponderosa pine, aspen which sprouts aggressively after fire, are expected to
increase dominance.
Productivity will probably be lower, but the more fire tolerant species will persist where they can
outcompete species that are susceptible to drought and fire.
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Subalpine and montane upland forest communities dominated by aspen in which
succession to conifer dominance is not possible, due either to environmental conditions
or lack of a conifer seed source. If present, conifers are uncommon and discontinuous
(All Geographic Areas)





Aspen is expected to maintain
dominance because of its ability to
sprout aggressively after fire.
Productivity in these systems is
expected to be lower
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PNV Species – Limber pine, ponderosa pine,
Jeffery pine, Washoe pine, grand fir,
Douglas-fir, white fir, blue spruce, Sierra
white fir, Shasta red fir, coastal Douglas-fir
Seral Species – Limber pine, ponderosa pine,
Great Basin bristlecone pine, Jeffery pine,
Washoe pine





Increase fire frequency and extent will favor ponderosa pine, Jeffery pine, and Washoe pine over
their less fire tolerant competitors, thus ensuring dominance in most forests
Limber pine and bristlecone pine will probably persist at higher elevations where fuel loads are
typically low.
Bark beetles could increase stress and mortality in pine species.
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Species – Subalpine fir, Engelmann
spruce, blue spruce, grand fir, lodgepole
pine, Douglas-fir, Sierra white fir, Shasta
red fir, coastal Douglas-fir, ponderosa
pine, Sierra lodgepole pine, Jeffrey pine,
aspen, black cottonwood, balsam
cottonwood, narrowleaf cottonwood,
Fremont cottonwood, lanceleaf
cottonwood, boxelder, non-native
willows







These systems will highly vulnerable to warmer climate.
Species more tolerant of seasonal drought, including ponderosa pine and other deep-rooted conifers, will dominate.
Hardwood species that rely on periodic high water levels for regeneration could become less common.
Riparian forests associated with small or transient water sources (e.g., springs) will be more susceptible than forests near large
water sources (e.g., rivers).
Low-elevation riparian forests near small water sources will be more susceptible than high-elevation forests that have long
duration of snowpack.
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Landscape Heterogeneity
Landscapes tend to become
more homogeneous as fire is
removed because succession will
eventually advance all stands to
similar communities dominated
by shade tolerant species.
During the past 20 years, wildfire
area burned, plus mountain pine
and spruce beetle outbreaks
have increased, replacing lateseral forests with younger age
and size classes and thereby
increasing heterogeneity
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Timber Production (All Harvest Types)
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Timber Production (Even-aged only)
384,000 acres since
1960
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Perspective – Trinity
Ridge and Elk Fire
on the Boise NF
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acres in 2012 and
2013
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Carbon Sequestration
Forests are important carbon sinks; currently offset about 13% of annual US
fossil fuel emissions.
Size and persistence of forest carbon sinks depend on land management;
vegetation composition, structure, and distribution; climate; and disturbance
Although long intervals between disturbance events, such as wildfires or insect
outbreaks, can allow carbon to accumulate for years to centuries, probability
of disturbance increases with time
Disturbance-prone forests will eventually move stored carbon to the
atmosphere, regardless of management strategies
These ecosystems cannot be managed to increase stored carbon over
historical amounts without limiting the occurrence and magnitude of
disturbance events

Major shifts in vegetation composition, distribution, and structure will
result in different patterns of carbon storage compared with historical.

“You’d sooner hold back the tide than tame the mountains”

