
BLUE MOUNTAINS ADAPTATION PARTNERSHIP 
 

VEGETATION 
 
 
Climate change is expected to profoundly alter vegetation structure and composition, terrestrial 
ecosystem processes, and the delivery of ecosystem services in the Blue Mountains. Climate 
influences the spatial distribution of major vegetation biomes, the abundance of species and 
communities within biomes, biotic interactions, and the geographic ranges of individual species. 
Climate also influences the disturbance processes that shape vegetation structure and 
composition and are often the catalysts for vegetation change. 
  
With increased drought, particularly in summer, the following may occur: 

 The importance of pine species will increase. 

 The forest-steppe ecotone may move north of its present position. 

 Ponderosa pine will be found at higher elevations. 

 Subalpine tree species may be replaced by high-elevation grasslands. 

 Juniper woodlands, which have been increasing in recent decades, may be reduced if 
more drought leads to more wildfire. 

 Grasslands and shrublands at lower elevations may shift in dominance towards more 
drought tolerant species.   
 

In general, species with life histories suitable for frequent disturbance and stressed 
environments will be more dominant because they can establish and persist in rapidly changing 
and disturbed environments.    
 
Tree growth in energy-limited portions of the landscape (high elevations, north aspects) may 
increase as the climate warms and snowpack decreases, whereas tree growth in water-limited 
portions of the landscape (low elevations, south aspects) will probably decrease. Some species 
may respond positively to higher concentrations of ambient CO2 as a result of increased water 
use efficiency, although this “fertilization” effect may diminish as other factors become limiting. 
 
Ecological disturbance, which is expected to increase in a warmer climate, will be extremely 
important in affecting species distribution, tree age, and forest structure, facilitating transitions to 
new combinations of species and vegetation patterns across the landscapes. Mountain pine 
beetle may be particularly important in lodgepole pine and ponderosa pine forests, and western 
spruce budworm and Douglas-fir tussock moth may also increase periodically. Annual area 
burned by wildfire is expected to increase substantially, including a longer fire season. In dry 
forest types where fire has not occurred for several decades, crown fires may result in high tree 
mortality and other fire effects. In addition, the interaction of multiple disturbances and stressors 
will create or exacerbate stress complexes. For example, an extended drought may increase 
the prominence of bark beetles which will in turn increase combustible fine fuels in the short 
term.   
 
Considerable uncertainty exists about how climate change will affect species distribution, forest 
productivity, and ecological disturbance in the Blue Mountains. Simulation models provide 
science-based projections of how a warmer climate will modify the growth environment of 
species and broad patterns of ecological disturbance, and studies of the paleoecology of the 
region also provide some guidance. However, because the future climate may differ 
considerably from what has been observed in the past, it is difficult to project vegetative 
response accurately for specific locations and time periods. 
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VULNERABILITY ASSESSMENT — Vegetation: Dry and Moist Upland Woodland (UW) 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity, increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical tree species: Western juniper 
 
Current condition, existing stressors 

 Juniper has expanded its range and abundance in the interior Pacific Northwest during 
the past 130 years, invading and creating savannas and woodlands in semi-arid 
ecosystems that were formerly shrub-steppe and grassland communities, and creating 
closed canopy conditions in former woodlands. Many of these woodlands were 
homesteads at the turn of century, and were subject to heavy livestock grazing in the 
past.  Many systems are still currently grazed.  These systems are also stressed by 
exotic annual grass invasion, particularly after harvest and natural disturbances.   

 
Sensitivity to climatic variability and change 

 Western juniper is sensitive to spring and summer drought. In the past, western juniper 
growth is positively correlated with winter and spring precipitation (October–June) and 
negatively correlated with spring and summer temperatures. Live and dead biomass 
(fuels) will become drier during hotter summers, especially during drought periods. 
Young junipers have thin bark and are readily killed by fires. 

 
Expected effects of climate change 

 While higher spring and summer temperatures may negatively impact some very hot and 
dry juniper woodlands at lower elevations, given the adaptability of a species such as 
juniper to drought, the potential availability of habitat currently occupied by dry uplands 
forests, it is unlikely that this type will be dramatically reduced across the landscape, 
although it will undoubtedly shift. In the future, years of wet and mild climatic conditions, 
particularly above average spring and summer precipitation, will most likely facilitate the 
continued expansion of juniper. Increased fire frequency and severity associated with 
future warming could reverse this trend, and lead to conversion of some of these 
woodlands to persistent grasslands.  Invasion by exotic annual grasses associated with 
this phenomenon is a real possibility. 

 
Adaptive capacity 

 While lower elevation woodlands may be at risk, some woodlands may be able to adapt 
to future climate change by expanding into new available habitats. Dry upland 
woodlands may be more adapted to future conditions. Older junipers with thicker bark 
and stands with suppressed understory herbaceous fine fuels may be able to survive 
severe fires.   

 
Risk Assessment 
Magnitude of effects   

 Low by 2050; moderate by 2100 
 

Likelihood of effects   

 Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Cold Upland Forest (CUF) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity, increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical tree species: subalpine fir, Engelmann spruce, lodgepole pine. Less common 
high elevation species that are of concern include whitebark pine, limber pine, and 
Alaska yellow cedar (treated separately). 

 
Current condition, existing stressors 

 Stress due to short growing season and harsh conditions at high elevations. Insect and 
disease agents include spruce beetle, mountain pine beetle in lodgepole pine, western 
larch dwarf mistletoe, and the balsam woolly adelgid for subalpine fir. Whitebark pine 
and limber pine populations are declining due to white pine blister rust and mountain 
pine beetles. Continued survival of subalpine fir in the Blue Mountains due to the adelgid 
is questioned.  

 
Sensitivity to climatic variability and change 

 Cold loving species are sensitive to rapid and extreme warming and loss of summer 
moisture; also sensitive to increased wildfire, and insect and disease activity. CUF’s can 
be dramatically altered by rare wildfire events, as recovery from stand-replacing wildfires 
can be very slow. 

 
Expected effects of climate change 

 Very warm and dry scenarios could reduce this forest type except in high elevation 
refugia (e.g. Wallowa Mountains). Most vegetation models predict a reduction subalpine 
forest, but other data suggest that moderate warming may lead to contrary responses. 
Increases in stand replacing wildfires may constrain tree reestablishment in these slow-
growing systems. Increased insect and disease activity may lead to increased stress and 
mortality. Warming temperatures could increase the potential for insect and disease 
outbreaks, particularly as a transient response in colder temperate zones where 
pathogen activity has been limited by suboptimal temperatures.  

 
Adaptive capacity 

 Species may migrate upward in elevation, but only if there is available habitat (e.g. once 
you reach the top of the mountain, where do you go?). 

 
Risk Assessment 

 By 2050 some cold upland forests may increase in productivity, but by 2100, this forest 
type may decline, except in high elevation refugia.  
 

Magnitude of effects   

 Moderate by 2050; moderate to high by 2100 
 

Likelihood of effects 

 Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Cold Upland Herb (CUH) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity  

 
Habitat, ecosystem function, or species 

 Typical species: green fescue, Idaho fescue, alpine fleeceflower, elk and Hood’s sedge 
 
Current condition, existing stressors 

 Stress due to short growing season and harsh conditions at high elevations. Subalpine 
conifers have been documented as infilling alpine tundra and meadows―a trend that is 
suspected to be related to changing climate conditions. Some high elevation meadows 
are sensitive to human recreational use if access is available.  

 
Sensitivity to climatic variability and change 

 Cold loving species are sensitive to rapid and extreme warming and loss of summer 
moisture; also sensitive to increased wildfire. Alpine and subalpine ecosystems can be 
dramatically altered by rare wildfire events, as short growing season and harsh 
conditions contain species re-establishment. However, herbaceous species may be able 
to more rapidly regenerate as compared to shrubs and trees. 

 
Expected effects of climate change 

 Warming over the next century could cause the total range of these meadows to contract 
in the BME, expand or remain the same. Trends will most likely depend on the degree of 
warming, relative rates at which meadow species colonize bare land and trees invade 
meadows. Models predict major loss of subalpine forest climate habitat, and an 
analogous loss of cold upland herbaceous climate habitat might be inferred from this 
result.   

 
Adaptive capacity 

 Species may migrate upward in elevation, but only if there is available habitat. The 
adaptive capacity of many high elevation meadow species is largely unknown.   

 
Risk Assessment 
Magnitude of effects   

 Moderate by 2050; moderate to high by 2100 
 

Likelihood of effects 

 High by 2050; high by 2100 
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VULNERABILITY ASSESSMENT — Vegetation: Cold Upland Shrub (CUS) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity  

 
Habitat, ecosystem function, or species 

 Typical species: mountain big sagebrush, shrubby cinquefoil, Sitka alder  
 
Current condition, existing stressors 

 Stress due to short growing season and harsh conditions at high elevations.  
 

Sensitivity to climatic variability and change 

 Cold loving species are sensitive to rapid and extreme warming and loss of summer 
moisture; also sensitive to increased wildfire. Alpine and subalpine ecosystems can be 
dramatically altered by rare wildfire events, as short growing season and harsh 
conditions contain species re-establishment. Mountain big sagebrush is readily killed by 
fire and can require at least 15 years to recover after fire 

 
Expected effects of climate change 

 Very warm and dry scenarios could reduce this type. Models predict major loss of 
subalpine forest climate habitat, and an analogous loss of cold upland herbaceous 
climate habitat might be inferred from this result.  However, paleoecological studies 
generally suggest and increase in Artemesia pollen with warmer conditions. Warming at 
higher elevations and an increased growing season may result in increased productivity 
in cold upland shrublands. Increased future fire activity in these forests may not 
constrain shrub reestablishment as much as tree establishment in these slow-growing 
systems, although recovery times may still be long.  

 
Adaptive capacity 

 Species may migrate upward in elevation, but only if there is available habitat.  Artemisia 
is adapted to a wide range of elevations and climatic conditions therefore adaptive 
capacity may be high.   

 
Risk Assessment 
Magnitude of effects 

 Low by 2050; low to moderate to high by 2100 
 

Likelihood of effects 

 Low by 2050; low to moderate to high by 2100 
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VULNERABILITY ASSESSMENT — Vegetation: Dry Upland Forest (DUF) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity, increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical tree species: ponderosa pineor Douglas-fir, grand fir  
 
Current condition, existing stressors 

 Most forests have been harvested since the turn of the century. Current forests have not 
experienced fire for at least 50 years or longer, leading to high fuel accumulations and 
depauperate understories prone to invasion by exotic species after disturbance. Many 
forests are grazed by domestic livestock. Insect and disease agents include western 
spruce budworm, Douglas-fir tussock moth (but only in those situations where Douglas-
fir and grand fir invaded stands historically dominated by ponderosa pine), Douglas-fir 
dwarf mistletoe, and western dwarf mistletoe, bark beetles and pine butterflies in 
ponderosa pine.  

 
Sensitivity to climatic variability and change 

 Several lines of evidence suggest that dry upland forests will be under considerable 
stress from future climate change. Longer and more intense summer droughts may 
reduce productivity, especially near the lower treeline. Ponderosa pine growth is more 
sensitive to changes in site water balance than to temperature itself. Live and dead 
biomass (fuels) will become drier during hotter summers, especially during drought 
periods. These forests are sensitive to uncharacteristic, large and severe wildfires.   

 
Expected effects of climate change 

 Wildfires will become more frequent, severe, and widespread. Multiple lines of evidence 
suggest that the lower elevational zone for these forests will shift to woodland or steppe 
vegetation. However, paleoecological evidence suggests that in warmer and drier 
periods in the past, these forests were able to adapt by migrating north or up in elevation 
and remained an important and dominant component of the landscape in warmer and 
drier past climates.   

 
Adaptive capacity 

 While lower elevation forests may be at risk, some forests may be able to adapt to future 
climate change by expanding into new available habitats. Hot dry PAGs may be more 
adapted to future conditions. Older trees of species such as ponderosa pine and 
Douglas-fir have thick bark and high crowns that provide resistance to heating during 
fire.  

 
Risk Assessment 
Magnitude of effects 

 Low to moderate by 2050; moderate to high by 2100 
 

Likelihood of effects 

 Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Moist and Dry Upland Herblands (DMUS) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity, increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical species: Idaho fescue, bluebunch wheatgrass, Sandberg bluegrass 
 
Current condition, existing stressors 

 Many low elevation grasslands have been converted to agricultural lands, are used for 
domestic livestock grazing, and/or are subject to extensive human use and land-use 
conversion. These systems are typically highly disturbed and fragmented, and support 
many exotic species. 

 
Sensitivity to climatic variability and change 

 Fuels in grasslands can increase during wet years and in dry years; live and dead 
biomass will become drier during hotter summers, especially during drought periods. 
Increased spring and winter precipitation may allow some exotic annual grasses and 
other exotics to further invade these systems. 

 
Expected effects of climate change 

 Grasslands and shrublands at lower elevations may shift in dominance towards more 
drought tolerant species. Some model output suggests that cool season C3 grasslands 
will decline but warm season grasslands will expand. However, this outcome is based on 
temperature patterns alone and is highly uncertain given most models do not project 
marked increased in summer precipitation in the future. However, C4 grasses may 
become more of an important component in these ecosystems. In general it is likely that 
with increased warming and fire occurrence, grasslands will become a more important 
component of the landscape, likely as shrublands and woodlands are no longer able to 
support these species.    

 
Adaptive capacity 

 The Dry upland PAGs may be more adapted to future warming conditions.  
 
Risk Assessment 
Magnitude of effects 

 Low by 2050; moderate to high by 2100 
 

Likelihood of effects 

 Moderate to moderate for 2050; high by 2100 
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VULNERABILITY ASSESSMENT — Vegetation: Dry and Moist Upland Shrubland (DMUS) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire 
activity, increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical species: sagebrushes, snowberries, cherry, mountain mahogany, and cool 
season (C3) bunchgrasses 

 
Current condition, existing stressors 

 Sagebrush ecosystems are currently stressed by juniper expansion, livestock grazing, 
and exotic annual grass invasion.   

 
Sensitivity to climatic variability and change 

 Mountain big sagebrush is readily killed by fire and can require at least 15 years to 
recover after fire.  

 
Expected effects of climate change 

 Paleoecological data suggests that with warming in the past, Artemisia generally 
increases.  However, in the early to mid-Holocene (warmer, drier) the shrub-steppe 
boundary was located higher in elevation. Some models (SDM) indicate highly reduced 
available climate habitat for Artemisia and bitterbrush, and mountain mahogany. Other 
models suggest that cool-season (C3) shrublands will decline but that xeromorphic 
shrublands will increase markedly. However there is considerable uncertainty in these 
model results. As wildfires increased, there is a high risk of conversion to exotic annual 
grasslands for these systems.  

 
Adaptive capacity 

 Species may be able to migrate to other suitable climates on the landscape, but only if 
there is available habitat.  Artemisia is adapted to a wide range of elevations and climatic 
conditions therefore adaptive capacity may be high.   

 
Risk Assessment 
Magnitude of effects 

 Low by 2050; moderate by 2100 
 
Likelihood of effects 

 Moderate for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Moist Upland Forest (MUF) 
 
 
Broad-scale climate change effect 

 Warming, drier summers, decreased snowpack, earlier snow melt, increased wildfire activity, 
increased insect and disease outbreaks  

 
Habitat, ecosystem function, or species 

 Typical tree species: subalpine fir, grand fir, Douglas-fir, lodgepole pine, western larch, western 
white pine. PAGs include cool wet, cool very moist, and moist upland forest.   

 
Current condition, existing stressors 

 Low-, mixed-, and high-severity fires occurred in these forests, varying in size and occurrence 
across the landscape. Areas dominated by grand fir and Douglas-fir experienced more fires in the 
past and have been affected more by wildfire suppression/exclusion than forests dominated by 
subalpine fir and lodgepole pine. Most forests have been affected by selective and clearcut timber 
harvest, and some forests have been affected by domestic livestock grazing. These factors have 
interacted to alter the structure, composition, and disturbance regimes of some forests. More 
homogenized conditions now exist in forests dominated by grand fir and Douglas-fir, including 
dense, multilayered patches of fire-intolerant tree species. Insect and disease agents include 
western spruce budworm, Douglas-fir tussock moth, Douglas-fir beetle, fir engraver, spruce 
beetle, mountain pine beetle in lodgepole pine, Douglas-fir dwarf mistletoe, western larch dwarf 
mistletoe, and several different root diseases.  

 
Sensitivity to climatic variability and change 

 Some of the productive moist upland forests may be more energy-limited than water-limited. Tree 
growth in energy-limited ecosystems appears to be responding positively to warming 
temperatures over the past 100 years. But these forests are sensitive to summer drought, and 
there is evidence that some areas are drought-stressed and vulnerable to high-severity fire. In the 
future, summer drought stress will most likely increase, putting additional stress on these forests. 
Live and dead biomass (fuels) will become drier during hotter summers. High levels of coarse 
woody debris, litter, and live biomass can produce large, high severity wildfires when ignitions 
coincide with favorable fire weather and dry fuel conditions. Increased frequency and duration of 
summer drought would allow wildfires to burn wetter and cooler sites, where high fuel loads 
become more available due to reduced fuel moisture. 

 
Expected effects of climate change 

 Warming with little change or increases in precipitation may lead to increased dominance of this 
forest type. However, increased summer drought stress may make these forests more vulnerable, 
and more vulnerable to other stressors. Increased wildfire activity and insect and disease 
outbreaks will most likely increase with future warming.    

 
Adaptive capacity 

 These forests may be able to adapt to future climate change by expanding into new available 
habitats. Warm and very warm moist forest PAGs may adapt better to warming compared to cool 
moist, cool very moist and cool wet PAGs. Older ponderosa pine and Douglas-fir have thick bark 
and high crowns that provide resistance to heating during fire.  

 
Risk Assessment 
Magnitude of effects 

 Low to moderate by 2050; moderate to high by 2100 
 
Likelihood of effects 

 Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation:  Groundwater Dependent Ecosystems 
(GDEs) – Springs without associated wetlands/fens 
 
 
Broad-scale climate change effect 

 Decreasing snowpack, especially at lower elevations 
 
 
Habitat, ecosystem function, or species 

 Groundwater dependent ecosystems:  Springs without associated wetlands/fens 

 
Current condition, existing stressors 

 Many springs developed for watering livestock. Current stressors include spring boxes, 
water diversion, ungulate trampling 

 
 
Sensitivity to climatic variability and change 

 Springs are highly dependent on annual snowpack, especially in those occurring in 
certain lithologies; will dry out in summer   

 
 
Expected effects of climate change 

 Reduction in flow; perennial springs may become ephemeral; ephemeral springs may 
disappear, except during high snowpack years.  For springs draining to nearby streams, 
loss/reduction of local  cooling (stream temperature) influence 

 
Adaptive capacity 
 
 
 
Risk Assessment 
Magnitude of effects  

 High  
 
Likelihood of effects 

 Moderate  
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VULNERABILITY ASSESSMENT — Vegetation:  Groundwater Dependent Ecosystems 
(GDEs) – Springs with associated wetlands/fens 
 
 
Broad-scale climate change effect 

 Decreasing snowpack and higher air temperature, especially at lower elevations 
 
 
Habitat, ecosystem function, or species 

 Groundwater dependent ecosystems: Springs and associated wetlands/fens  
 
 
Current condition, existing stressors 

 GDEs used by livestock, native ungulates, and/or feral horses (source of water and 
forage).  Current stressors include spring boxes, water diversion, ungulate trampling, 
and foraging 

 
 
Sensitivity to climatic variability and change 

 GDEs (wetlands supported by groundwater/springs) are highly dependent on annual 
snowpack.  Increased evaporation rates will stress moisture dependent flora and fauna. 

 
 
Expected effects of climate change 

 Reduction in area/extent; for GDEs draining to nearby streams, loss/reduction of local 
cooling (stream temperature) influence, increase in grazing pressure. 

 
 
Adaptive capacity 
 
 
 
Risk Assessment 
Magnitude of effects  

 High  
 
Likelihood of effects 

 Moderate  
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VULNERABILITY ASSESSMENT — Vegetation:  Upland Aspen -- Cold upland forest and 
moist upland forest 
 
 
Broad-scale climate change effect 

 Decreasing snowpack and higher air temperature, especially at lower elevations. 
Increase in severity and frequency of wildfires. 

 
 
Habitat, ecosystem function, or species 

 Upland aspen communities in Cold upland forest PVG and Moist upland forest PVG 
(subalpine fir and moist grand fir series). 

 
 
Current condition, existing stressors 

 Aspen is early seral component of forest community.  Stands are declining in number, 
area and aspen stocking density.  Stands typically <1 acre in size.  Stressors include 
competition with more shade tolerant conifers, herbivory by livestock and native 
ungulates. 

 
 
Sensitivity to climatic variability and change 

 Aspen are dependent on mesic soil moisture conditions and do not tolerate extended 
drought.  Species is highly fire-adapted and regenerates abundantly after stand 
replacing fire.   

 
 
Expected effects of climate change 

 Decrease of stand number and area, increased plant stress due to increased severity of 
summer droughts.  Increased frequency of stand replacing fires is likely to favor aspen 
regeneration.  However, severe fire and reburns may kill shallow root systems and 
eliminate small clones.  High herbivory pressure for regenerating clones. 
 
 

Adaptive capacity 
 
 
 
Risk Assessment 
Magnitude of effects  

 Moderate  

 
Likelihood of effects 

 Moderate  
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VULNERABILITY ASSESSMENT — Vegetation:  Upland Aspen -- Dry upland forest, warm 
dry plant association groups 
 
 
Broad-scale climate change effect 

 Decreasing snowpack and higher air temperature, especially at lower elevations. 
Increase in severity and frequency of wildfires. 

 
 
Habitat, ecosystem function, or species 

 Upland aspen communities in Dry upland forest PVG, warm dry PAG (dry grand fir, 
Douglas fir and Ponderosa pine series) 

 
 
Current condition, existing stressors 

 Aspen is an early seral component of forest community and is near its dry limit for 
survival.  Stands are declining in number, area, and aspen stocking density.  Stands 
typically <1 acre in size.  Stressors include competition with more shade tolerant 
conifers, herbivory by livestock and native ungulates. 

 
 
Sensitivity to climatic variability and change 

 Aspen are dependent on mesic soil moisture conditions and do not tolerate extended 
droughts.  Species is less fire tolerant than conifer competitors. 

 
 
Expected effects of climate change 

 Decrease of stand number and area, increased plant stress due to increased severity of 
summer droughts.  Increase in low to moderate severity wildfire may not favor aspen 
regeneration (surviving conifer overstory shading out regeneration).  Increased potential 
for insect and disease outbreaks including sudden aspen decline, increased herbivory 
pressure.  
 
 

Adaptive capacity 
 
 
 
Risk Assessment 
Magnitude of effects  

 High 

Likelihood of effects 

 High  
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VULNERABILITY ASSESSMENT — Vegetation:  Riparian Ecosystems  
 

Broad-scale 
climate 
change 
effect 

Habitat, 
ecosystem 
function, or 
species 

PVG PAG Current condition, 
existing stressors 

Sensitivity to 
climate variability & 
change 

Expected 
effects of 
climate 
change 

Magnitude 
of effects 

Likelihood 
of effects 

Decreasing 
snowpack, 
changes in 
precipitation 
patterns 
(more rain) 
resulting in   
reduced 
flows/ 
changes in 
natural flow 
regime;  
Increased 
air temp 
  

POTR5 series 
(n=5); aspen 
POTR15 series 
(n=2); black 
cottonwood 
ALRU2 series 
(n=6); red alder 

Warm 
riparian 
forest 

Warm 
moderate 
SM 

Condition 
Reduction in area 
due to conversion & 
development of 
floodplains; 
degradation of 
stands due to altered 
flow regimes (dams, 
diversions);  
 
Stressors 
Structural 
simplification of 
channel (e.g. levee 
construction); roads; 
livestock and native 
ungulate browsing.  

Alteration of natural 
flow regime reduces  
recruitment & 
establishment of 
Populus , Salix , & 
Alnus spp. (life cycle 
disruption); 
terrestrialization of 
flora, decreased 
riparian cover; 
reduced plant growth 
& increased mortality 
 

Reduced or 
stabilized 
flows (loss 
of extreme 
high &/or 
low flows), 
increased 
demand for 
water 
(additional 
diversions, 
reservoir 
expansions) 
Increased 
browsing 
pressure  

High  High  

POTR5 series 
(n=1); aspen 
POTR5/SYAL 
type 
POTR15 series 
(n=2); black 
cottonwood 
ALRH series 
(n=2); white alder 

Warm 
riparian 
forest 

Hot 
moderate 
SM 

High High 

KAMI/CANI2 
 
Salix PVTs esp. 
in low 
gradient,unconstri
cted valley 
bottoms(n=15)  

Cold 
riparian 
shrub, 
warm 
riparian 
shrub 

multiple 
 

High High 

 RUBA (Barton’s 
raspberry) 

Low SM 
riparian 
shrub  

Hot low 
SM 

Condition   
Hells Canyon 
endemic with habitat 
reduction due to 
dam construction. 
Stressors 
Invasive 
blackberries,  
noxious weed 
control, ungulate 
browsing 

Bartonberry 
dependent on 
seasonally abundant 
water. Increased 
potential for high-
severity fire along 
stream corridors, 
Loss of sensitive 
species and 
reduction in area 

Increased 
drought 
stress for  
talus and 
landslide 
habitat; 
Adapted to 
fire but less 
competitive 
than 
blackberries  

Moderate 
by 2050 

High by 
2050 
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 Carex PVTs (n=9) Cold 
riparian 
herb 

Cold high 
SM/cold 
moderate 
SM 

Condition 
High cover/ 
frequency of non-
native pasture 
grasses; high cover 
of grazing-tolerant 
native spp.  
Stressors 
Heavy herbivory 
pressure from 
livestock & native 
ungulates 
 
 
 
 

Further reductions in 
native species cover 
& richness/ shift in 
community 
composition; 
increased success of 
non-natives ; loss of 
sensitive species ; 
reduction in  area 

Reduced 
flows, 
increased 
demand for 
water; 
increased 
demand for 
forage/ 
grazing  

Moderate Moderate 

 Graminoid and 
forb PVTs (n=13) 

Cold 
riparian 
herb 

Warm 
high SM/  

Moderate Moderate 

 Graminoid and 
forb PVTs (n=13) 

Cold 
riparian 
herb 

Warm-hot 
high-hot 
moderate 
SM 

Moderate Moderate 

 Herbaceous 
aspen meadow 
types (n=7) 

Swanson et al 2010. 
PNW-GTR-806 

Moderate Moderate 

Increased 
frequency & 
severity of 
wildfires & 
pest & 
pathogen 
outbreaks 

ABLA series 
(n=6) 
PICO series (n=2)  
PIEN series (n=5) 
 

Cold  
riparian 
forest 

Cold 
high& 
moderate 
SM 

Condition 
Reduced frequency 
of riparian shrubs/ 
changes in structure 
of riparian 
vegetation; reduced 
wildlife habitat  
Stressors 
Fuel management 
treatments/ forest 
harvest; roads  

Increased potential 
for high-severity fire 
along stream 
corridors;  
Continued 
displacement of 
native riparian shrubs 

Hotter, more 
severe 
wildfires, 
loss of fire-
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VULNERABILITY ASSESSMENT — Vegetation:  Whitebark pine, limber pine 
 
 
Broad-scale climate change effect 
Warmer, drier summers; decreased snowpack; earlier snow melt; increased wildfire activity; 
increased insect and disease outbreaks  
 
Habitat, ecosystem function, or species 
Species:  Whitebark pine, limber pine 
 
Current condition, existing stressors 
Stress due to short growing season and harsh conditions at high elevations.  Current distribution is 
also limited for both species.  Whitebark pine and limber pine are threatened by an invasive, 
nonnative pathogen, white pine blister rust.  To complete its life cycle, the fungus must disperse from 
the pines to an alternative host, a shrub in the genus Ribes or the herbs Castilleja and Pedicularis.  
Recently, warmer temperatures have allowed mountain pine beetles to shift upward and persist in 
high-elevation forests.  For example, mountain pine beetle is now the primary cause of whitebark 
pine mortality at Crater Lake, presently at a rate of 1% annually from all causes.  High severity fire is 
also a stressor.  

Sensitivity to climatic variability and change 
Cold tolerant species are sensitive to rapid and extreme warming and loss of summer moisture; also 
sensitive to increased wildfire, and insect and disease activity.  High-elevation species can be rapidly 
altered by rare wildfire events, as recovery from stand-replacing wildfires can be very slow.  Because 
of the limited distribution of whitebark pine and limber pine, local population extirpation may be 
caused by a high-severity fire.  
 
Expected effects of climate change 
These species occupy high-elevation habitat that is projected to decrease under a warmer climate, 
and there is limited potential for migration.  Because of lack of data, Aubrey et al (2011) did not 
assign the whitebark pine species a vulnerability score.  Limber pine was not assessed. MC2 
projects reduced subalpine forest habitat; species distribution models project moderate to complete 
loss of habitat for these species.  Stand replacing wildfire is also expected to increase. Increased 
insect and disease activity may increase stress and mortality.  White pine blister rust favors moist 
conditions, and increased winter precipitation may exacerbate stress.  Conversely, summers may be 
drier and inhibit the formation and spread of rust spores and fruiting body development.  Further 
warming will encourage upward shifts in mountain pine beetle populations.  Direct effects of longer, 
high-elevation growing seasons because of climate change could favor pines, as many high-
elevation trees have recently increased growth, although longer growing seasons could increase 
competition among species that can grow faster than whitebark pine.  
 
Adaptive capacity 
Species may migrate upward in elevation, but only if there is available habitat (e.g. once you reach 
the top of the mountain, where do you go?).  Whitebark pine is grows slowly, which may place it at a 
competitive disadvantage if populations cannot migrate quickly enough to low-competition 
environments like those in which they presently live.  Limber pine may have a competitive advantage 
in terms of growth rate, and tends to be more adapted to dry soils.   
 
Risk Assessment 
By 2050 some cold upland forests may increase in productivity, but by 2100, this forest type may 
decline, except in high elevation refugia.  
Magnitude of effects  Moderate by 2050; high by 2100 
Likelihood of effects  Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Mountain Hemlock 
 
 
Broad-scale climate change effect 
Warmer, drier summers; decreased snowpack; earlier snow melt; increased wildfire activity; 
increased insect and disease outbreaks.  
 
Habitat, ecosystem function, or species 
Mountain hemlock. 
 
Current condition, existing stressors 
Stress due to short growing season and harsh conditions at high elevations. Mountain hemlock 
is not common, but is found at high elevations in the Blue Mountains.  

Sensitivity to climatic variability and change 
Cold tolerant species are sensitive to rapid and extreme warming and loss of summer moisture; 
also sensitive to increased wildfire, and insect and disease activity.  Mountain hemlock recovery 
can be rapidly altered by rare wildfire events, as recovery from stand-replacing wildfires can be 
very slow. 
 
Expected effects of climate change 
Very warm and dry scenarios could reduce this species except in high elevation refugia (e.g. 
Wallowa Mountains).  Most vegetation models project a reduction in climate habitat.  Aubry et al 
(2011) found relatively low vulnerability of mountain hemlock to climate change in western 
Washington, although this species is more stressed in interior environments.  Increases in stand 
replacing wildfires may constrain tree reestablishment in these slow-growing systems.  
 
Adaptive capacity 
Species may migrate upward in elevation, but only if there is available habitat (e.g. once you 
reach the top of the mountain, where do you go?).  Models suggest some available habitat will 
emerge at higher elevations in the Wallowa Mountains.  Populations to the west and south may 
be at higher risk.   
 
Risk Assessment 
By 2050 some cold upland forests may increase in productivity, but by 2100, this forest type 
may decline, except in high elevation refugia.  
Magnitude of effects  Low by 2050; moderate by 2100 
Likelihood of effects  Moderate to high for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation:  Alaska yellow cedar 
 
 
Broad-scale climate change effect 
Warmer, drier summers; decreased snowpack; earlier snow melt; increased wildfire activity; 
increased insect and disease outbreaks  
 
Habitat, ecosystem function, or species 
Alaska yellow cedar 
 
Current condition, existing stressors 
Stress due to short growing season and harsh conditions at high elevations.  Species has a 
limited distribution.  

Sensitivity to climatic variability and change 
Cold tolerant species are sensitive to rapid and extreme warming and loss of summer moisture; 
also sensitive to increased wildfire, and insect and disease activity.  Subalpine species can also 
be rapidly altered by rare wildfire events, as recovery from stand-replacing wildfires can be very 
slow. 
 
Expected effects of climate change 
Very warm and dry scenarios could reduce this species type except in high elevation refugia 
(e.g., Wallowa Mountains).  MC2 projects a reduction in subalpine forest, and species 
distribution models project minor decreases to major loss.  Some data suggest that moderate 
warming may lead to increased productivity.  In Alaska, extensive research has been conducted 
into large-scale die-offs of yellow-cedar, concluding that it has depended on heavy coastal 
snowpacks to insulate shallow roots from cold winters.  Warmer climate has caused less-
persistent snowpacks, in turn causing increased susceptibility to freeze damage.  A similar 
response might be expected in the Blue Mountains with future warming and reduced 
snowpacks; however, it is unclear if freeze damage is as extreme in the interior Northwest as in 
the Arctic.   
 
Adaptive capacity 
Species may migrate upward in elevation, but only if there is available habitat.  
 
Risk Assessment 
By 2050 some cold upland forests may increase in productivity, but by 2100, this forest type 
may decline, except in high elevation refugia.  
Magnitude of effects  Moderate by 2050; moderate by 2100 
Likelihood of effects  Noderate for both time periods 
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VULNERABILITY ASSESSMENT — Vegetation: Exotic Annual Grasses (EXAN) 
 
 
Broad-scale climate change effect 
Warmer, drier summers; decreased snowpack; earlier snow melt; increased wildfire activity. 
 
Habitat, ecosystem function, or species 
Typical species:  Cheatgrass, medusa head, North Africa grass 
 
Current condition, existing stressors 
These introduced nonnative invasive species have become successfully established or 
naturalized across areas of grasslands, shrublands, woodland, and low-elevation dry forest, and 
are currently increasing.  These species spread into new localized natural habitats and can 
cause economic or environmental harm.  Common stress to these species is active 
management and extreme drought.  Cheatgrass populations can be reduced by black fingers of 
death (Pyrenophora semeniperda), a fungal seed pathogen.  This fungus can kill dormant 
cheatgrass seeds and sometimes a high proportion of germinable seeds.  Researchers are 
currently assessing the use of this pathogen as a biocontrol agent.  
 
Sensitivity to climatic variability and change 
Exotic annual grasses tend to increase in abundance with increased disturbance.  These 
species are widely recognized as having the ability to invade large areas and alter fire regimes 
as a continuous, highly flammable fuel bed is created.  The enhanced competitiveness of 
invasive plants due to elevated CO2 has also been documented.  Increased spring and winter 
precipitation may allow some exotic annual grasses and other exotics to further invade into both 
drier systems and higher elevation systems, depending on changes in climate seasonality.   
 
Expected effects of climate change 
Abiotic factors such as light availability and cold temperatures probably constrain the range of 
these species. There is considerable evidence that future climate change will further increase 
the likelihood of invasion of forests and rangelands and the consequences of those invasions, 
largely because of the potential for increased ecosystem disturbance, the effects of warming on 
species distributions, the enhanced competitiveness of invasive plants due to elevated CO2, and 
increased stress to native species and ecosystems.  However, model projections for cheatgrass 
indicate that climatic habitat will either be maintained or decrease under a “worst case future 
climate scenario” (characterized by the maximum decrease in summer precipitation out of all 
climate models assessed).  The species has not yet fully invaded all suitable climate habitats in 
eastern Oregon, and although changes in future climate habitat may not be large according to 
this analysis, there still could be considerable risk for the expansion of cheatgrass.   
 
Adaptive capacity 
The ecological adaptability of these species is widely recognized; they reproduce quickly and 
easily, and are well positioned to invade new habitat as it develops.  It is possible that warming 
may alter some disease interactions and counter this effect.   
 
Risk Assessment 
 
Magnitude of effects  Moderate by 2050; moderate to high by 2100 
Likelihood of effects  Moderate for 2050; high by 2100 
 
  



BLUE MOUNTAINS ADAPTATION PARTNERSHIP 
 

VULNERABILITY ASSESSMENT — Vegetation: Exotic Annual Grasses (EXAN) 
 
 
Broad-scale climate change effect 
Warmer, drier summers; decreased snowpack; earlier snow melt; increased wildfire activity. 
 
Habitat, ecosystem function, or species 
Typical species:  Cheatgrass, medusa head, North Africa grass 
 
Current condition, existing stressors 
These introduced nonnative invasive species have become successfully established or 
naturalized across areas of grasslands, shrublands, woodland, and low-elevation dry forest, and 
are currently increasing.  These species spread into new localized natural habitats and can 
cause economic or environmental harm.  Common stress to these species is active 
management and extreme drought.  Cheatgrass populations can be reduced by black fingers of 
death (Pyrenophora semeniperda), a fungal seed pathogen.  This fungus can kill dormant 
cheatgrass seeds and sometimes a high proportion of germinable seeds.  Researchers are 
currently assessing the use of this pathogen as a biocontrol agent.  
 
Sensitivity to climatic variability and change 
Exotic annual grasses tend to increase in abundance with increased disturbance.  These 
species are widely recognized as having the ability to invade large areas and alter fire regimes 
as a continuous, highly flammable fuel bed is created.  The enhanced competitiveness of 
invasive plants due to elevated CO2 has also been documented.  Increased spring and winter 
precipitation may allow some exotic annual grasses and other exotics to further invade into both 
drier systems and higher elevation systems, depending on changes in climate seasonality.   
 
Expected effects of climate change 
Abiotic factors such as light availability and cold temperatures probably constrain the range of 
these species. There is considerable evidence that future climate change will further increase 
the likelihood of invasion of forests and rangelands and the consequences of those invasions, 
largely because of the potential for increased ecosystem disturbance, the effects of warming on 
species distributions, the enhanced competitiveness of invasive plants due to elevated CO2, and 
increased stress to native species and ecosystems.  However, model projections for cheatgrass 
indicate that climatic habitat will either be maintained or decrease under a “worst case future 
climate scenario” (characterized by the maximum decrease in summer precipitation out of all 
climate models assessed).  The species has not yet fully invaded all suitable climate habitats in 
eastern Oregon, and although changes in future climate habitat may not be large according to 
this analysis, there still could be considerable risk for the expansion of cheatgrass.   
 
Adaptive capacity 
The ecological adaptability of these species is widely recognized; they reproduce quickly and 
easily, and are well positioned to invade new habitat as it develops.  It is possible that warming 
may alter some disease interactions and counter this effect.   
 
Risk Assessment 
 
Magnitude of effects  Moderate by 2050; moderate to high by 2100 
Likelihood of effects  Moderate for 2050; high by 2100 
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