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Abstract

The Intermountain Adaptation Partnership (IAP) identified climate change issues relevant to resource management 
on Federal lands in Nevada, Utah, southern Idaho, eastern California, and western Wyoming, and developed 
solutions intended to minimize negative effects of climate change and facilitate transition of diverse ecosystems 
to a warmer climate. U.S. Department of Agriculture Forest Service scientists, Federal resource managers, and 
stakeholders collaborated over a 2-year period to conduct a state-of-science climate change vulnerability assessment 
and develop adaptation options for Federal lands. The vulnerability assessment emphasized key resource areas—
water, fisheries, vegetation and disturbance, wildlife, recreation, infrastructure, cultural heritage, and ecosystem 
services—regarded as the most important for ecosystems and human communities.

The earliest and most profound effects of climate change are expected for water resources, the result of declining 
snowpacks causing higher peak winter streamflows, lower summer flows, and higher stream temperatures. These 
changes will in turn reduce fish habitat for cold-water fish species, negatively affect riparian vegetation and wildlife, 
damage roads and other infrastructure, and reduce reliable water supplies for communities. Increased frequency and 
magnitude of disturbances (drought, insect outbreaks, wildfire) will reduce the area of mature forest, affect wildlife 
populations (some positively, some negatively), damage infrastructure and cultural resources, degrade the quality of 
municipal water supplies, and reduce carbon sequestration. Climate change effects on recreation, a major economic 
driver in the IAP region, will be positive for warm-weather activities and negative for snow-based activities. IAP 
participants developed adaptation options that can be implemented in planning, project management, monitoring, and 
restoration as climate-smart responses to altered resource conditions.
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Summary

The Intermountain Adaptation Partnership (IAP) is a science-management partnership with a wide variety of participants 
across the U.S. Department of Agriculture, Forest Service Intermountain Region, which spans Nevada, Utah, southern 
Idaho, eastern California, and western Wyoming. The partnership includes the Forest Service Intermountain Region, 
and Pacific Northwest and Rocky Mountain Research Stations; National Park Service Climate Change Response 
Program; North Central Climate Science Center; Desert, Great Basin, Great Northern, and Southern Rockies 
Landscape Conservation Cooperatives; the University of Washington; Native American tribes; and dozens of other 
stakeholder organizations. These organizations and other IAP participants worked together over 2 years to identify 
climate change issues relevant to resource management on Forest Service and National Park Service lands in the 
IAP region, and to find solutions that could help to minimize the negative effects of climate change and facilitate the 
transition of ecosystems to a warmer climate. The IAP provided education, conducted a climate change vulnerability 
assessment, and developed adaptation options for managing resources of the 12 national forests (Ashley, Boise, 
Bridger-Teton, Caribou-Targhee, Dixie, Fishlake, Humboldt-Toiyabe, Manti-La Sal, Payette, Salmon-Challis, Sawtooth, 
Uinta-Wasatch-Cache [plus Curlew National Grassland]) and 22 National Park Service units in the IAP region.
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The IAP region is characterized by high ecological diversity. Vegetation types include mixed conifer forest, dry 
ponderosa pine forest, subalpine forest, sagebrush, grasslands, alpine tundra, and wetlands. Ecosystems in the IAP 
region produce water, fish, timber, wildlife, recreation opportunities, livestock grazing, and other ecosystem services, 
providing a socioeconomic foundation based on natural resources. The geographic and ecological diversity of the 
region, especially on Federal lands, contributes significantly to the economic sustainability of human communities, 
linking Federal resource management with local livelihoods.

The effects of climate change on each resource area in the IAP region are synthesized from the available scientific 
literature and analyses and are based on available climate change projections (Chapter 3). Highlights of the 
vulnerability assessment and adaptation options for each resource area are summarized next.

Water and Soil Resources
Climate Change Effects

Lower snowpack and increased drought will result in lower base flows, reduced soil moisture, wetland loss, riparian 
area reduction or loss, and more frequent and possibly more severe wildfire. April 1 snow water equivalent and mean 
snow residence time are sensitive to temperature and precipitation variations. Warmer (usually lower elevation) 
snowpacks are more sensitive to temperature variations, whereas colder (usually higher elevation) snowpacks are 
more sensitive to precipitation. Warmer locations will experience more runoff in winter months and early spring, 
whereas colder locations will experience more runoff in late spring and early summer. In both cases, future peakflows 
will be higher and more frequent.

Lower snowpacks will cause significantly lower streamflow in summer, and reduce the rate of recharge of water 
supply in some basins. Annual water yields, which are affected by annual precipitation totals (heavily influenced 
by winter and spring precipitation in the western part of the region) and summer evapotranspiration, will generally 
be lower. Although declining snowpacks will occur throughout the region, snowpacks at higher elevations (Uinta 
Mountains, Teton and Wind River Ranges, and some central Idaho ranges) may not change much through the late 
21st century. Carbon content in soils will decrease in areas where decomposition rate and wildfire frequency increase, 
and soil erosion will be accelerated by intense fires.

Adaptation Options
Primary adaptation strategies focus on expanding water conservation; increasing water storage, managing for 
highly functioning riparian areas, wetlands, and groundwater-dependent ecosystems; and developing policies 
for water rights. Adaptation tactics include: (1) using drought-tolerant plants for landscaping, managing livestock 
water improvements efficiently, and educating the public about water resource issues and conservation; (2) 
decommissioning and improving road systems, improving grazing management practices, and promoting and 
establishing American beaver populations; (3) managing vegetation to reduce forest density and hazardous fuels;  
(4) modifying dam and reservoir operation to improve water storage, and improving streamflow and runoff forecasts; 
and (5) maintaining and protecting soil cover and cryptobiotic crusts, using grazing management systems that 
promote healthy root systems in plants, and promoting native plant species diversity.

Fish and Other Aquatic Species
Climate Change Effects

A combination of higher stream temperature, low streamflow in summer, and higher peakflow at other times of the 
year will create a significant stress complex for cold-water fish species. Habitats that provide the restrictive thermal 
requirements of juvenile bull trout are rare, and little evidence exists for flexibility in habitat use. The length of 
connected habitat needed to support a bull trout population varies with local conditions, but current estimates suggest 
a minimum of 20 to 30 miles contingent on water temperature, nonnative species presence, and local geomorphic 
characteristics. Juvenile cutthroat trout occupy a broader thermal and stream size niche than bull trout. They also 
appear to persist in smaller habitat patches. Nonetheless, they require cold-water habitat patches exceeding 3 to 6 
miles. Increased frequency and extent of extreme events will be especially stressful for bull trout and cutthroat trout, 
except at higher elevations, where habitat will remain favorable. Both species may in some cases be able to adjust 
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their life histories to accommodate altered habitat, although the potential for this adaptive capacity is unknown. From 
the mid- to late-21st century, the vast majority of suitable cold-water fish habitat will be on Federal lands.

Rocky Mountain tailed frogs have long generation times and low fecundity, so increased summer droughts and 
wildfires, as well as extreme floods and postfire debris flows may threaten some populations. Sensitivities are 
similar for Idaho giant salamanders. Western pearlshell mussels have a broad geographic range, which reduces 
their vulnerability, although lower streamflow and higher stream temperatures are expected to be stressful in some 
locations. Springsnails are expected to be highly vulnerable because they require particular hydrological conditions, 
specific and stable temperature regimes, and perennial flows. Yosemite toads, already in decline, will be sensitive to 
reduced duration of ephemeral ponds for breeding in spring. Sierra Nevada yellow-legged frogs will be sensitive to 
less reliable availability of perennial water bodies needed for multiyear metamorphosis and maturation.

Adaptation Options
Primary adaptation strategies focus on increasing resilience of native fish species by restoring structure and function 
of streams, riparian areas, and wetlands; monitoring for invasive species and eliminating or controlling invasive 
populations; understanding and managing for community-level patterns and processes; and conducting biodiversity 
surveys to describe current baseline conditions and manage for changes in the distribution of fish and other aquatic 
species. Adaptation tactics include reconnecting floodplains and side channels to improve hyporheic and base 
flow conditions, ensuring that passage for aquatic organisms is effective, accelerating restoration in riparian areas, 
maintaining or restoring American beaver populations, managing livestock grazing to restore ecological function of 
riparian vegetation, removing nonnative fish species, maintaining or increasing habitat connectivity, and increasing 
the resilience of forests to wildfire.

Vegetation and Ecological Disturbances
Climate Change Effects

Increased temperature is expected to cause a gradual change in the distribution and abundance of dominant plant 
species. Increased ecological disturbance, driven by higher temperatures, is expected to cause near-term effects 
on vegetation structure and age classes, and will facilitate long-term changes in dominant vegetation. In forest 
ecosystems, native and non-native insects are expected to be significant stressors in a warmer climate; in fact, this 
appears to be already occurring. In all vegetation types, an increase in the frequency and extent of wildfire will be 
a significant stressor, especially where large fuel accumulations exist. Nonnative plant species will likely continue 
to expand in most vegetation types, especially in rangelands, potentially displacing native species and altering fire 
regimes. A combination of these and other stressors (stress complexes), exacerbated by climate, may accelerate the 
rate of change in vegetation assemblages, and reduce productivity and carbon storage in most systems. Riparian 
areas may be especially sensitive as a warming climate causes hydrological regimes to change, reducing the timing 
and amount of water available in summer. Climate change effects on specific forest types include:

• Subalpine pine forest—Most subalpine tree species will be moderately affected by a warmer climate, although 
bristlecone pine could undergo stress in the driest locations. Whitebark pine will be vulnerable because it is 
already stressed from white pine blister rust and mountain pine beetles. If wildfire increases, crown fires may 
quickly eliminate mature trees across the landscape.

• Subalpine spruce-fir forest—This forest type will be moderately vulnerable. Subalpine fir and Engelmann spruce 
may have increased growth in a longer growing season. Bark beetles will be a stressor for Engelmann spruce. If 
wildfire increases, crown fires may quickly eliminate mature trees across the landscape. Quaking aspen will be 
minimally affected by a warmer climate.

• Mesic mixed conifer forest—Late-seral forests will be susceptible to wildfire, especially where fuel loads are high. 
Douglas-fir, ponderosa pine, and Jeffrey pine, which have high fire tolerance, may become more common, and 
late-seral species less common. Growth rates of most species will decrease. Lodgepole pine and quaking aspen 
will persist, perhaps with increased stress from insects and pathogens.
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• Dry mixed conifer forest—Most species in mixed conifer forest (ponderosa pine, Gambel oak, quaking aspen) 
can cope with dry soils and wildfire. Growth of less drought-tolerant species (Douglas-fir, white fir) will decrease. 
With increased fire frequency, early-seral species will become more common, and late-seral species less 
common.

• Aspen mixed conifer forest—Increased wildfire frequency and extent will determine future composition and 
structure of this forest type. Conifers at higher elevations (mostly not fire resistant) will become less common, 
confined to northern slopes and valley bottoms. Quaking aspen and Gambel oak will attain increasing dominance 
because of their ability to sprout vigorously after fire, outcompeting species susceptible to drought and fire.

• Persistent aspen forest—Conifers at higher elevation (mostly not fire resistant) will become less common, 
confined to northern slopes and valley bottoms. Quaking aspen will attain increasing dominance because of its 
ability to sprout vigorously after fire, outcompeting species susceptible to drought and fire. Douglas-fir will persist 
in locations with sufficient soil moisture. Overall productivity will probably decrease.

• Montane pine forest—Ponderosa pine will persist in this forest type because it is drought tolerant and fire 
tolerant, outcompeting other species following wildfire, but will grow more slowly. Limber pine and bristlecone 
pine will probably persist at higher elevations where fuel loads are low. If insect outbreaks are more prevalent in 
a warmer climate, they could increase stress in pine species, especially during drought.

• Riparian forest—This is a highly vulnerable forest type because it depends on a reliable water supply. Vegetation 
dominance may shift to species that are more tolerant of seasonal drought, including ponderosa pine and other 
deep-rooted conifers. Hardwoods could become less common. Riparian forests associated with small or transient 
water sources will be especially vulnerable, especially at lower elevations.

Nonforest
In nonforest ecosystems, increasing frequency and duration of drought are expected to drive direct changes on 
soil moisture, which will reduce the vigor of some species, causing mortality or making (mostly woody species) 
more susceptible to insects and pathogens. Increasing frequency and extent of wildfire will be a major stressor for 
species that regenerate slowly following fire, especially non-sprouting vegetation (e.g., most sagebrush species). 
The dominance of nonnative plant species, especially annual grasses (e.g., cheatgrass), will be enhanced by 
increasing disturbance and will themselves encourage more frequent fire—a significant change in the ecology of most 
vegetation assemblages. Although productivity may increase in some grasslands, most other nonforest ecosystems 
will experience lower productivity. Most native species are expected to persist if they can move to favorable portions 
of the landscape and are sufficiently competitive. Climate change effects on specific nonforest vegetation include:

• Pinyon-juniper shrublands and woodlands—These woodlands are sensitive to chronic low soil moisture during 
prolonged droughts (to which pinyon pines are more sensitive than junipers), increased insect outbreaks that 
follow drought stress, and increased frequency and extent of wildfire. These species will persist across the 
landscape, although the distribution and abundance of species may change.

• Oak-maple woodlands—Gambel oak and bigtooth maple, the dominant species in these woodlands, are widely 
distributed and both sprout heavily following wildfire. As a result, their vulnerability is expected to be relatively 
low, and Gambel oak in particular may become more dominant as wildfire frequency and extent increase across 
the landscape.

• Mountain mahogany woodlands—These woodlands, which are dominated by curl-leaf mountain mahogany, 
are expected to be moderately vulnerable. This species is slow-growing and does not sprout following wildfire, 
so regeneration of disturbed sites may be slow, especially where nonnative species are common. However, 
mountain mahogany is capable of growing on low-fertility soils, so it will continue to be competitive with other 
species.

• Mountain big sagebrush shrublands—Vulnerability varies from moderate to high because of the broad elevation 
range at which mountain big sagebrush occurs, and because of the wide range in current conditions. Livestock 
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grazing, expansion of pinyon pine and juniper species, altered wildfire regimes, and nonnative invasive species 
are significant stressors. These factors may be exacerbated by a warmer climate, especially in drier habitats.

• Dry big sagebrush shrublands—Vulnerability is high, as evidenced by significant mortality that occurred during 
recent drought. Conditions suitable for seedling establishment are infrequent under current climatic conditions 
and are likely to become less frequent in a warmer climate. Lower elevations of the Great Basin are especially 
vulnerable, whereas sagebrush in wetter locations may be able to persist.

• Sprouting sagebrush shrublands—Warmer, drier climate will negatively affect the vigor and abundance of 
sprouting sagebrush species, which are adapted to more mesic conditions. These species can sprout following 
wildfire, but seed viability is short and unreliability of spring soil moisture will make them susceptible to prolonged 
droughts. Overall vulnerability is moderate, and regeneration will be critical to long-term persistence across the 
landscape.

• Dwarf sagebrush shrublands—All low-growing sagebrush species are likely to be negatively affected by higher 
temperatures and increased periods of drought. Seed viability is short and their dependence on spring soil 
moisture will make them susceptible to prolonged droughts and to altered timing and amount of spring moisture. 
Increased wildfire frequency, coupled with drought, could inhibit regeneration on drier sites.

• Mountain, blackbrush, and salt desert shrublands—These shrublands have low to moderate vulnerability, 
depending on their location relative to soil moisture availability. Many of these shrublands have relatively high 
species diversity—some are well-adapted to periodic drought and some may be able to migrate to higher 
elevations. Salt desert communities at lower elevations may be vulnerable to drought and are intolerant of 
wildfire.

• Alpine communities—The composition and distribution of alpine ecosystems will be affected by decreasing 
snowpack, altering plant vigor and regeneration. Specific effects will depend on vulnerability thresholds of diverse 
species and the rate and magnitude of changes over time. Some species may be able to persist or migrate to 
suitable habitat, but the lower extent of some communities will be compromised by tree establishment. 

• Mountain grasslands—The vulnerability of cool-season grass-dominated communities is moderate to high. 
Warm-season grasses are favored by higher temperatures, providing an opportunity for spread into mountain 
grasslands from lower-elevation and more southern locations. Increased wildfire frequency will facilitate more 
nonnative invasive species, decreasing the dominance and vigor of natives.

• Subalpine forb communities—Higher temperatures and increasing drought make this vegetation type highly 
vulnerable in many locations. Although some subalpine forb communities may be able to move higher in 
elevation, shallow soil profiles may support only lower-growing species. Tall forb communities at the highest 
elevations on plateaus (e.g., Wasatch Plateau) are particularly vulnerable.

• Riparian and wetland communities—Most of these communities are highly vulnerable, especially those at lower 
elevations where soil conditions are already affected by periodic drought. Reduced summer streamflow and 
groundwater will create significant stress for some dominant plant species, although high species diversity in 
many locations ensures some long-term persistence, perhaps with lower functionality.

Adaptation Options
Primary adaptation strategies for forest vegetation focus on promoting disturbance-resilient species, maintaining 
low tree densities, promoting species and genetic diversity, promoting diversity of forest structure, and increasing 
knowledge about climate change effects for agency land managers and stakeholders. Tactics include conducting 
thinning treatments, favoring disturbance-resilient species in thinnings, planting potential microsites with a mixture of 
species, collecting seed for postfire reforestation, and reducing density through prescribed fire and managed wildfire. 
Maintaining and restoring stream channels, and protecting vegetation through appropriate livestock management can 
be applied in riparian areas.

Primary adaptation strategies for nonforest vegetation focus on restoring resilience to and maintaining healthy 
and intact woodlands, shrublands, and grasslands, increasing management actions to prevent invasive species, 
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and maintaining and restoring natural habitat. Tactics include using mechanical treatments, prescribed fire, using 
integrated weed management, implementing fuels reduction projects, using ecologically based invasive plant 
management, implementing livestock management that reduces damage to native perennial species, and maintaining 
or improving native plant cover, vigor, and species richness.

Terrestrial Animals
Climate Change Effects

The effects of climate change on terrestrial animal species are expected to be highly variable, depending on habitat 
conditions in specific locations and on the flexibility of animal life histories to accommodate altered conditions. 
Flammulated owl, wolverine, and greater sage-grouse are expected to be the most vulnerable to population declines, 
whereas Utah prairie dog and American three-toed woodpecker will be the least vulnerable. Most species will exhibit 
some sensitivity to altered phenology, habitat, and physiology. Species restricted to high elevations or surface water 
habitats will generally be vulnerable. Following are possible climate change effects on species of conservation 
concern.

• Black rosy finch—An alpine specialist, this species will suffer loss of habitat associated with shrinking snowfields 
and glaciers and possibly encroaching tree establishment, although it does have the capacity to migrate to other 
locations.

• Flammulated owl—Wildfire and insects will increase early-seral forest structure over time, conditions detrimental 
for this species, which prefers mature, open ponderosa pine and other semiarid forests with brushy understories.

• Greater sage-grouse—Degraded habitat caused by wildfire-induced mortality of mature sagebrush, in 
combination with increased dominance of pinyon-juniper woodlands, invasive annual species, and possible 
effects of West Nile virus will be significant challenges to this species.

• White-headed woodpecker—As long as sufficient mature coniferous forest habitat with pines as a seed source 
and dead trees for nesting remain, this species will be relatively resilient to a warmer climate because it can 
move readily to more favorable locations.

• American pika—This species will be vulnerable on isolated mountaintops and at low elevations where it is near 
its physiological tolerance. Populations in the southern Great Basin are the most vulnerable in the IAP region, but 
populations in other locations may be fairly resilient.

• Bighorn sheep—Different parts of the region, and thus different subspecies, will be subject to different population 
dynamics. Populations in the most arid, low-elevation locations and without access to dependable springs and 
forage will be most vulnerable.

• Canada lynx—This species will be vulnerable to reduced snowpack and prey availability (especially snowshoe 
hares), although interactions among climate, wildfire, and insect outbreaks may reduce late-seral forest habitat 
preferred for breeding.

• Fisher—The extent, quality, and connectivity of habitat for this species will probably decrease as increasing 
wildfire reduces late-seral forest habitat, although fishers can readily move from unfavorable to favorable habitat.

• Fringed myotis—This species could undergo some stress if water sources become less common or more 
transient, although its mobility and migratory nature allow it to respond to changing conditions.

• Northern Idaho ground squirrel—Increased vegetative productivity may benefit this species, although loss 
of snowpack, drought, disease, and nonclimatic factors (overgrazing, land development) may be significant 
stressors.



• Sierra Nevada red fox—With populations that are mostly small and isolated, this species may be affected by 
drought, wildfire, and insects that alter vegetation, and especially by reduced snowpack, which promotes higher 
populations of coyotes, a competitor for limited prey.

• Townsend’s big-eared bat—This species uses a variety of habitats, conferring some resilience, although 
increasing wildfires and nonnative grasses could degrade habitats and reduce prey availability. Declining 
snowpack may also reduce the number and duration of water sources.

• Utah prairie dog—This species may be fairly resilient to a warmer climate, although population declines have 
been observed during prolonged periods of drought, which affects food and water availability.

• Wolverine—This species, already low in numbers, could be significantly affected by declining snowpack in its 
preferred high-elevation forest and alpine habitats, and possibly by altered vegetation composition over time.

• Boreal toad—Subject to recent population declines, this species is sensitive to water balance, so altered timing 
and duration of water availability could be stressors. The harmful chytrid fungus may or may not be affected by 
climate change, and trampling of riparian areas by livestock is locally damaging.

• Columbia spotted frog—Historical declines of this species may be exacerbated by alteration and fragmentation 
of aquatic habitats. Drought, warmer temperatures, and reduced snowpack will potentially alter breeding habitat, 
although spotted frogs will probably be resilient in areas with reliable water sources.

• Great Basin spadefoot—This species may be fairly resilient to a warmer climate because it occurs in a variety of 
vegetation types, has a flexible breeding season, and has high reproductive rates. Populations in the southern 
portion of its range and where it relies on ephemeral ponds may be more vulnerable.

• Prairie rattlesnake—This species has low fecundity, long generation times, and low dispersal, making it 
vulnerable to additional climate stresses such as wildfires and flooding. It will probably be more resilient in areas 
with sufficient microhabitats and low habitat fragmentation.

Adaptation Options
Primary adaptation strategies focus on improving riparian habitat through restoration, encouraging healthy beaver 
populations, retaining mature forest structure where possible, reducing nonnative plant species, maintaining quaking 
aspen habitat, and maintaining connectivity of habitat patches across the landscape. Adaptation tactics include 
removing hazardous fuels to reduce wildfire intensities, minimizing impacts from livestock grazing, using prescribed 
fire and conifer removal to promote aspen stands, removing cheatgrass and other invasive species from sagebrush 
systems, and minimizing impacts of recreation on species sensitive to human disturbance.

Outdoor Recreation
Climate Change Effects

Summer recreation (hiking, camping, bicycling) will benefit from a longer period of suitable weather without snow, 
especially during the spring and fall shoulder seasons. Snow-based recreation (downhill skiing, cross-country skiing, 
snowmobiling) will be negatively affected by a warmer climate because of less snow and more transient snowpacks. 
Ski areas and other facilities at lower elevations will be especially vulnerable. Hunting and fishing may be affected 
somewhat by a warmer climate, depending on specific location and activity. Hunting will be sensitive to temperature 
during the allotted hunting season and timing and amount of snow. Fishing will be sensitive to streamflows and 
stream temperatures associated with target species; if summer flows are very low, some streams may be closed 
to fishing. Water-based recreation (swimming, boating, rafting) will be sensitive to lower water levels. Gathering 
forest products for recreational and personal use (e.g., huckleberries, mushrooms) will be somewhat sensitive to the 
climatic conditions that support the distribution and abundance of target species, and to extreme temperatures and 
increased occurrence of extreme events (e.g., flooding, landslides).
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Adaptation Options
Recreation participants are highly adaptable to changing conditions, although Federal agencies are not very flexible 
in modifying management. Primary adaptation strategies focus on transitioning management to shorter winter 
recreation seasons, providing sustainable recreation opportunities, increasing management flexibility and facilitating 
transitions to meet user demand and expectations, and managing recreation sites to mitigate risks to public safety 
and infrastructure. Adaptation tactics include collecting data on changing use patterns and demands, maintaining 
current infrastructure and expanding facilities in areas where concentrated use increases, educating the public about 
changing resource conditions, varying the permit season for rafting to adapt to changes in peak flow and duration, 
and determining which recreation sites are at risk from increased hazards.

Infrastructure
Climate Change Effects

Vulnerability of infrastructure can be assessed at three levels: (1) documentation of the type and quantity of 
infrastructure, (2) examination of infrastructure investments at the regional level, and (3) evaluation of infrastructure 
at local or smaller scales. Infrastructure risk can be proactively addressed by identifying assets that have a high 
likelihood of being affected by future climatic conditions and significant consequences if changes do occur. Roads 
and other infrastructure that are near or beyond their design life are at considerable risk to damage from flooding and 
geomorphic disturbance (e.g., debris slides). If road damage increases as expected, it will have a profound impact on 
access to Federal lands and on repair costs. Trails and developed recreation sites may also be sensitive to increased 
flooding and chronic surface flow, especially in floodplains. Buildings and dams represent large investments, and 
some may be at risk to an increased frequency of extreme events (wildfire, flooding).

Adaptation Options
Primary adaptation strategies focus on maintaining an accurate inventory of at-risk infrastructure components (e.g., 
buildings, roads), increasing resilience of the transportation system to increased disturbances (especially flooding), 
and ensuring that design standards are durable under the new conditions imposed by a warmer climate. Adaptation 
tactics include improving roads and drainage systems to survive higher peakflows and more flooding, conducting 
risk assessments of vulnerable roads and infrastructure, decommissioning roads where appropriate, documenting 
seasonal traffic patterns, emphasizing potential increases in extreme storm events when evaluating infrastructure 
inventory, fireproofing of buildings, and coordinating with partners whenever possible.

Cultural Resources
Climate Change Effects

Some aspects of climate change may exacerbate damage and loss of cultural resources, which are threatened by 
natural biophysical factors as well as human behaviors such as vandalism and illegal artifact digging. Increasing 
wildfire, flooding, melting of snowfields, and erosion can quickly displace or destroy artifacts before they have been 
identified and examined, potentially leading to the loss of thousands of items. In addition, large disturbances can 
change the condition of vegetation, streams, and other landscape features valued by Native Americans.

Adaptation Options
Adaptation strategies and tactics to protect cultural resources include improving inventories of the location of cultural 
resources, suppressing wildfires to protect specific sites, implementing fuels treatments in dry forests to reduce 
wildfire intensity, implementing protection strategies (e.g., stabilization, armoring, fireproofing) in areas prone to 
disturbances, monitoring areas affected by flooding and debris flows in mountain canyon and foothill areas, and 
applying vegetation management treatments designed to protect “first food” resources.

Ecosystem Services
Climate Change Effects

Ecosystem services provided to human communities from Federal lands will be affected by climate change in several 
ways:
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• Timber and related products and services—Reduced growth rates in primary timber species will have a minimal 
effect on harvestable wood volume, although increased wildfires and insect outbreaks can reduce harvestable 
timber supply. Economic forces and policies will continue to dominate the wood products industry and 
employment, regardless of climate change.

• Grazing forage for domestic livestock and wildlife—Productivity may increase in some rangelands and decrease 
in others, so effects will vary spatially. Increased dominance of nonnative species (e.g., cheatgrass) will reduce 
range quality and support more frequent wildfires. Local erosion and encroaching urbanization will reduce the 
amount of available forage, regardless of climate change.

• Water quantity and quality—Declining snowpack will alter hydrological regimes annually and seasonally. Water 
yield is expected to decrease significantly by the 2040s and considerably more by the 2080s. The most sensitive 
watersheds are those already impaired or at risk, based on vegetation and soil conditions. Water quality may be 
affected by algal blooms and by erosion following wildfires.

• Ecosystem carbon—Ecosystems will increasingly be affected by disturbances (drought, wildfires, insects) that 
will remove living and dead vegetation, and, in turn, reduce carbon sequestration. If fires are as frequent as 
expected, forests may rarely attain a mature stand structure at lower elevations, thus limiting potential carbon 
sequestration.

• Pollination—Altered temperature and precipitation may lead to variable flowering phenology, which could reduce 
pollination by native insects such as bumblebees, and reduce native plant reproduction. Increased drought and 
extreme temperatures may impact pollinators already under stress from insecticides and increased dominance 
by nonnative plants.

Adaptation Options
Adaptation strategies for ecosystem services focus on availability and quality of forage for livestock, availability 
and quality of water, and habitat for pollinators. Adaptation strategies for grazing focus on increasing resilience of 
rangeland vegetation, primarily through nonnative species control and prevention. Adaptation tactics include flexibility 
in timing, duration, and intensity of authorized grazing as a tactic to prevent ecosystem degradation under changing 
conditions, as well as a more collaborative approach to grazing management.

Adaptation strategies for water focus on timing of water availability and quality of water delivered beyond Federal 
lands, assessments of potential climate change effects on municipal water supplies, and identifying potential 
vulnerabilities to help facilitate adaptive actions. Adaptation tactics include reducing hazardous fuels in dry forests 
to reduce the risk of crown fires, reducing other types of disturbances (e.g., off-road vehicles, unregulated livestock 
grazing), and using road management practices that reduce erosion.

Adaptation strategies for pollinators focus on improving pollinator habitat by increasing native vegetation and by 
applying pollinator-friendly best management. Adaptation tactics include establishing a reserve of native seed 
mixes for pollinator-friendly plants, implementing revegetation with plants beneficial to both pollinators and wildlife, 
and creating guidelines that would help managers incorporate pollinator services in planning, project analysis, and 
decisionmaking.

Conclusions
The IAP facilitated the most comprehensive effort on climate change assessment and adaptation in the United States, 
including participants from stakeholder organizations interested in a broad range of resource issues. It achieved 
specific elements of national climate change strategies for the U.S. Forest Service and National Park Service, 
providing a scientific foundation for resource management, planning, and ecological restoration in the IAP region. The 
large number of adaptation strategies and tactics, many of which are a component of current management practice, 
provides a pathway for slowing the rate of deleterious change in resource conditions. Rapid implementation of 
adaptation as a component of sustainable resource management will help to maintain critical structure and function of 
terrestrial and aquatic ecosystems in the IAP region. Long-term monitoring will help to detect potential climate change 
effects on natural resources, and evaluate the effectiveness of adaptation options that have been implemented.
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Chapter 1: Introduction

Joanne J. Ho

Introduction
The Intermountain Adaptation Partnership (IAP) is a 

science-management partnership with a wide variety of 
participants across the U.S. Department of Agriculture 
Forest Service (USFS) Intermountain Region, which 
spans Nevada, Utah, southern Idaho, eastern California, 
and western Wyoming. This USFS region is the largest in 
the Nation, representing nearly 17 percent of all National 
Forest System lands. The partnership includes the USFS 
Intermountain Region and the USFS Pacific Northwest and 
Rocky Mountain Research Stations, National Park Service 

(NPS) Climate Change Response Program, U.S. Fish and 
Wildlife Service, North Central Climate Science Center, the 
Desert, Great Basin, Great Northern, and Southern Rockies 
Landscape Conservation Cooperatives, the University of 
Washington, Native American tribes, and dozens of other 
stakeholder organizations (fig. 1.1, box 1.1). Initiated in 
2015, the IAP is a collaborative project with the goals of 
increasing climate change awareness, assessing vulner-
ability, and developing science-based adaptation options 
to reduce adverse effects of climate change and ease the 
transition to new climate states and conditions (see http://
adaptationpartners.org/iap). Developed in response to proac-
tive climate change strategies of the USFS (USDA FS 2008, 

Box 1.1—Intermountain Adaptation Partnership Participating Organizations

Backcountry Hunters and Anglers

Boise State University

Bureau of Land Management (BLM)

Colorado State University

Cooperative Institute for Research in Environmental 
Sciences

Deseret News

Desert Landscape Conservation Cooperative

Eastern Idaho Public Health

EcoAdapt

Grand Canyon Trust

Great Basin Landscape Conservation Cooperative

Great Northern Landscape Conservation Cooperative

Henry’s Fork Foundation

Idaho Army National Guard

Idaho Bureau of Homeland Security

Idaho Department of Fish and Game

Idaho National Guard

Idaho Power Company

Institute of Outdoor Recreation and Tourism

Inter-Tribal Council of Nevada

McGinnis and Associates

National Oceanic and Atmospheric Administration

National Park Service

National Weather Service

Natural Resources Conservation Service

Nevada Department of Wildlife

Nez Perce Tribe

North Central Climate Science Center

Northwest Watershed Research Center

Southern Rockies Landscape Conservation Cooperative

Trout Unlimited

U.S. Fish and Wildlife Service

U.S. Forest Service

U.S. Forest Service Intermountain Region

U.S. Forest Service Pacific Northwest and Rocky 
Mountain Research Stations

University of Nevada, Reno

University of Utah

University of Washington

Utah Division of Forestry, Fire and State Lands

Utah State University

Utah’s Hogle Zoo

Weber State University

Western Water Assessment

Wild Utah Project

Yerington Paiute Tribe

Yomba Shoshone Tribe
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2010a,b), and building on previous efforts in national forests 
(Halofsky and Peterson 2017; Halofsky et al. 2011, 2018, in 
press; Littell et al. 2012; Raymond et al. 2013, 2014; Rice 
et al. 2012; Swanston et al. 2011, 2016), the partnership 
brings together resource managers, research scientists, and 
stakeholders to plan for climate change in the Intermountain 
Region.

This effort directly addressed goals identified in the 
USFS Intermountain Region Strategic Framework for FY 
2017–2020 (USDA FS 2016) and the USFS Strategic Plan, 
FY 2015–2020 (USDA FS 2015). These main strategic goals 
are to: (1) sustain our Nation’s forests and grasslands,  
(2) deliver benefits to the public, (3) apply knowledge glob-
ally, and (4) excel as a high-performing agency. These goals 
aim the USFS toward success in the agency’s mission “to 
sustain the health, diversity, and productivity of the Nation’s 
forests and grasslands to meet the needs of present and 
future generations.” Finally, this assessment strives to pro-
vide options and solutions to a complex challenge in a way 
inspired by Gifford Pinchot, the first Chief of the USFS: for 
“the greatest good of the greatest number in the long run,” 
(USDA FS 2007).

Climate Change Response  
in the Forest Service and  

National Park Service
Climate change is an agency-wide priority for the USFS, 

which has issued direction to administrative units for re-
sponding to climate change (USDA FS 2008) (table 1.1). In 
2010, the USFS provided specific direction to the National 
Forest System in the form of the National Roadmap for 
Responding to Climate Change (USDA FS 2010a) and the 
Performance Scorecard for Implementing the USFS Climate 
Change Strategy (USDA FS 2010b). The goal of the USFS 
climate change strategy is to “ensure our national forests 
and private working lands are conserved, restored, and 
made more resilient to climate change, while enhancing our 
water resources,” (USDA FS 2010a, p. 2). To achieve this 
goal, starting in fiscal year (FY) 2011, each national forest 
and grassland began using a 10-point scorecard system to 
report accomplishments on 10 elements in 4 dimensions: (1) 
increasing organizational capacity, (2) partnerships, engage-
ment, and education, (3) adaptation, and (4) mitigation and 
sustainable consumption. The scorecard elements can be 
found in box 1.2. From FY 2011 to FY 2016, progress to-
ward accomplishing elements of the scorecard was required 
to be reported annually by each national forest and national 
grassland. All units were expected to accomplish 7 of 10 
criteria, with at least one “yes” in each dimension, and in FY 
2016, all units in the Intermountain Region were successful 
in this endeavor. As of FY 2017, the USFS is actively devel-
oping a new reporting model.

Similarly, the NPS Climate Change Response Strategy 
provides direction for addressing the impacts of climate 

change on NPS lands (NPS 2010) (table 1.2). The strat-
egy has four components to guide NPS actions: science, 
adaptation, mitigation, and communication. The science 
component involves conducting and synthesizing research 
at various scales, monitoring trends and conditions, and 
delivering information to resource managers and partners. It 
also provides the scientific basis for adaptation, mitigation, 
and communication. Adaptation involves developing capac-
ity within the agency to assess climate change scenarios and 
risks and implementing actions to better manage natural and 
cultural resources and infrastructure for a changing climate. 
Mitigation efforts focus on reducing the agency carbon 
footprint and enhancing carbon sequestration. Finally, the 
strategy requires the NPS to take advantage of agency 
capacity for education and interpretation to communicate 
the effects of climate change to NPS employees and to the 
public. Park rangers and other employees are encouraged to 
engage visitors about climate change because national parks 
are visible examples of how climate change can affect natu-
ral and cultural resources. The similarity of USFS and NPS 
climate response strategies facilitated coordination between 
the two agencies.

The IAP built on previous Adaptation Partners (www.
adaptationpartners.org) efforts in ecosystem-based manage-
ment and ecological restoration to address climate change 
and put these efforts in a broader regional context in the 
Intermountain Region. Starting in 2008, Halofsky et al. 
(2011) conducted a climate change assessment for Olympic 
National Forest and Olympic National Park (1.55 million 
acres), a science-management collaboration initiated to 
develop climate adaptation strategies. In 2010, the North 
Cascadia Adaptation Partnership (Raymond et al. 2014) 
began a similar effort with an expanded geographic scope 
of two national forests and two national parks. These 
organizations worked with stakeholders over 2 years to 
identify climate change issues relevant to resource man-
agement in the North Cascades to assist in the transition 
of diverse ecosystems of the region to a warmer climate. 
The North Cascadia Adaptation Partnership provided 
education, conducted a climate change vulnerability as-
sessment, and developed adaptation options for the Federal 
agencies that manage nearly 6 million acres in north-
central Washington. In 2013, the USFS Pacific Northwest 
Research Station, Pacific Northwest Region, and Malheur, 
Umatilla, and Wallowa-Whitman National Forests (5.29 
million acres in Oregon and Washington) initiated the 
Blue Mountains Adaptation Partnership (Halofsky and 
Peterson 2017). Formed in 2015, the South Central Oregon 
Adaptation Partnership (Halofsky et al. in press) brought 
together the Deschutes National Forest, Fremont-Winema 
National Forest, Ochoco National Forest, Crooked River 
National Grassland, the USFS Pacific Northwest Region, 
USFS Pacific Northwest and Rocky Mountain Research 
Stations, Crater Lake National Park, and the University of 
Washington to conduct a similar climate change assessment, 
covering 5 million acres. In the largest effort to date in the 
western United States, the Northern Rockies Adaptation 
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Table 1.1—U.S. Forest Service policies related to climate change.

Policy Description

Forest Service Strategic Framework for 
Responding to Climate Change
(USDA FS 2008)

Developed in 2008, the Strategic Framework is based on seven strategic goals 
in three broad categories: foundational, structural, and action. The seven goals 
are science, education, policy, alliances, adaptation, mitigation, and sustainable 
operations.

Like the challenges themselves, the goals are interconnected; actions that achieve 
one goal tend to help meet other goals. The key is to coordinate approaches to each 
goal as complementary parts of a coherent response to climate change. All seven 
goals are ultimately designed to achieve the same end (the USFS mission): to ensure 
that Americans continue to benefit from ecosystem services from national forests and 
grasslands. 

USDA 2010-2015 Strategic Plan
(USDA FS 2010c)

In June 2010, the U.S. Department of Agriculture released the Strategic Plan that 
guides its agencies toward achieving several goals including Strategic Goal 2—
Ensure our national forests and private working lands are conserved, restored, and 
made more resilient to climate change, while enhancing our water resources. This 
goal has several objectives. Objective 2.2 is to lead efforts to mitigate and adapt 
to climate change. The performance measures under this objective seek to reduce 
greenhouse gas emissions by the U.S. agricultural sector, increase the amount of 
carbon sequestered on U.S. lands, and bring all national forests into compliance with 
a climate change adaptation and mitigation strategy. The USFS response to this goal 
includes the National Roadmap for Responding to Climate Change and Performance 
Scorecard (Roadmap).

National Roadmap for Responding to 
Climate Change
(USDA FS 2010a)

Developed in 2011, the Roadmap integrates land management, outreach, and 
sustainable operations accounting. It focuses on three kinds of activities: assessing 
current risks, vulnerabilities, policies, and gaps in knowledge; engaging partners in 
seeking solutions and learning from as well as educating the public and employees 
on climate change issues; and managing for resilience in ecosystems and human 
communities through adaptation, mitigation, and sustainable consumption strategies.

Climate Change Performance 
Scorecard
(USDA FS 2010b)

To implement the Roadmap, starting in 2011, each national forest and grassland 
began using a 10-point scorecard to report accomplishments and plans for 
improvement on 10 questions in four dimensions: organizational capacity, 
engagement, adaptation, and mitigation. By 2015, each is expected to answer 
“yes” to at least seven of the scorecard questions, with at least one “yes” in each 
dimension. The goal is to create a balanced approach to climate change that includes 
managing forests and grasslands to adapt to changing conditions, mitigating climate 
change, building partnerships across boundaries, and preparing employees to 
understand and apply emerging science.

2012 Planning Rule
(USDA FS 2012)

The 2012 Planning Rule is based on a planning framework that will facilitate 
adaptation to changing conditions and improvement in management based on new 
information and monitoring. There are specific requirements for addressing climate 
change in each phase of the planning framework, including in the assessment 
and monitoring phases, and in developing, revising, or amending plans. The 2012 
Planning Rule emphasizes restoring the function, structure, composition, and 
connectivity of ecosystems and watersheds to adapt to the effects of a changing 
climate and other ecosystem drivers and stressors, such as wildfire and insect 
outbreaks. A baseline assessment of carbon stocks required in assessment and 
monitoring will check for measureable changes in the plan area related to climate 
change and other stressors.

Requirements of the Roadmap and Scorecard and requirements of the 2012 Planning 
Rule are mutually supportive and provide a framework for responding to changing 
conditions over time.
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Partnership developed a vulnerability assessment and adap-
tation options for 15 national forests and 3 national parks in 
Montana, northern Idaho, North Dakota, and parts of South 
Dakota and Wyoming, covering a total of 183 million acres 
(Halofsky et al. 2018). The IAP continues these efforts to 
develop science-based adaptation strategies.

Other efforts have also demonstrated the success of 
science-management partnerships for increasing climate 
change awareness among resource managers and adaptation 
planning on Federal lands. In addition to the Adaptation 
Partners assessments described earlier, Tahoe National 
Forest, Inyo National Forest, and Devils Postpile National 
Monument worked with the USFS Pacific Southwest 
Research Station to develop climate change vulnerability 
assessments (Littell et al. 2012) and the Climate Project 
Screening Tool (Morelli et al. 2012) in order to incorporate 
adaptation into project planning. In response to requests 
from Shoshone National Forest in northern Wyoming, the 
Rocky Mountain Research Station synthesized information 
on past climate, future climate projections, and potential 
effects of climate change on the multiple ecosystems within 
the forest (Rice et al. 2012).

In the largest effort to date in the eastern United States, 
the USFS Northern Research Station, in collaboration 
with Chequamegon-Nicolet National Forest in northern 
Wisconsin and numerous other partners, conducted a 

vulnerability assessment for natural resources (Swanston 
et al. 2011) and developed adaptation options (Swanston 
et al. 2016). Another USFS science-management partner-
ship assessed the vulnerability of watersheds to climate 
change (Furniss et al. 2013). These watershed vulnerability 
assessments, conducted on 11 national forests throughout 
the United States, were locally focused (at a national forest 
scale) and included water resource values, hydrologi-
cal reaction to climate change, watershed condition, and 
landscape sensitivity. The assessments were intended to help 
national forest managers identify where limited resources 
could be best invested to increase watershed resilience to 
climate change. More recently, Butler et al. (2015) conduct-
ed a climate change vulnerability assessment and synthesis 
for forest ecosystems of the Central Appalachians region.

The processes, products, and techniques used for several 
studies and other climate change efforts on national forests 
have been compiled in a guidebook for developing adapta-
tion options for national forests (Peterson et al. 2011). The 
guidebook outlines four key steps to facilitate adaptation in 
national forests: (1) Become aware of basic climate change 
science and integrate that understanding with knowledge of 
local conditions and issues (review), (2) evaluate sensitivity 
of natural resources to climate change (rank), (3) develop 
and implement options for adapting resources to climate 
change (resolve), and (4) monitor the effectiveness of 

Box 1.2—The Forest Service Climate Change Performance Scorecard, 2011

1. Employee Education. Are all employees provided with training on the basics of climate change, impacts on 
forests and grasslands, and the Forest Service response? Are resource specialists made aware of the potential 
contribution of their own work to climate change response?

2. Designated Climate Change Coordinators. Is at least one employee assigned to coordinate climate change 
activities and be a resource for climate change questions and issues? Is this employee provided with the 
training, time, and resources to make his/her assignment successful?

3. Program Guidance. Does the Unit have written guidance for progressively integrating climate change 
considerations and activities into Unit-level operations?

4. Science and Management Partnerships. Does the Unit actively engage with scientists and scientific 
organizations to improve its ability to respond to climate change?

5. Other Partnerships. Have climate change related considerations and activities been incorporated into existing 
or new partnerships (other than science partnerships)?

6. Assessing Vulnerability. Has the Unit engaged in developing relevant information about the vulnerability of key 
resources, such as human communities and ecosystem elements, to the impacts of climate change?

7. Adaptation Actions. Does the Unit conduct management actions that reduce the vulnerability of resources and 
places to climate change?

8. Monitoring. Is monitoring being conducted to track climate change impacts and the effectiveness of adaptation 
activities?

9. Carbon Assessment and Stewardship. Does the Unit have a baseline assessment of carbon stocks and an 
assessment of the influence of disturbance and management activities on these stocks? Is the Unit integrating 
carbon stewardship with the management of other benefits being provided by the Unit?

10. Sustainable Operations. Is progress being made toward achieving sustainable operations requirements to 
reduce the environmental footprint and increase the resilience of agency operations and assets? 

Chapter 1: Introduction
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Table 1.2—National Park Service policies related to climate change.

Policy Description

National Park Service Climate Change 
Response Strategy
(NPS 2010)

Developed in 2010, the Climate Change Response Strategy is designed to guide 
management actions and collaboration, from the national to park levels, to address 
the effects of climate change. The Response Strategy is based on four components: 
science, mitigation, adaptation, and communication. These components provide 
a framework for consistent, legal, and appropriate management decisions. The 
Response Strategy calls for a scientific approach to updating interpretations of 
previous policy and mandates in order to uphold the mission of the NPS in the face 
of new conditions created by climate change.

A Call to Action: Preparing for a 
Second Century of Stewardship and 
Engagement
(NPS 2011)

The Call to Action outlines themes and goals for the second century of stewardship 
and engagement of the NPS. The plan provides actions for the achievement of each 
goal before the NPS centennial in 2016. Under the theme of preserving America’s 
special places, the plan sets the goal for management of resources to increase 
resilience to climate change stressors. Specific actions include revised management 
objectives, increases in sustainability, and changes in investments.

Green Parks Plan
(NPS 2012b)

The Green Parks Plan (GPP) outlines how the NPS will achieve the commitment 
set in A Call to Action, to “Go Green.” An overarching vision and strategy for 
sustainable management in the future, the GPP is based on nine strategic goals that 
focus on the effects of park operations on the environment and human welfare. 
The goals are to continually improve environmental performance; be climate 
friendly and climate ready; be energy smart; be water wise; develop a green NPS 
transportation system, buy green and reduce, reuse, and recycle; preserve outdoor 
values; adopt best practices; and foster sustainability beyond NPS boundaries.

Revisiting Leopold: Resource 
Stewardship in the National Parks
(NPS 2012c)

In August 2012, the NPS released the Revisiting Leopold, intended as an updated 
interpretation of the guiding document, The Leopold Report (Leopold et al. 1963). 
Members of the current NPS Science Committee were tasked with revisiting three 
questions: (1) What should be the goals of resource management in the National 
Parks? (2) Which policies for resource management are necessary to achieve these 
goals? (3) Which actions are required to implement these policies? The interpretation 
presents general principles and guidance for the enlarged scope of all natural and 
cultural resources of the NPS. The committee stresses that the NPS needs to act 
quickly on structural changes and long-term investments in management in order to 
preserve resources through the uncertainties of environmental change. 

Climate Change Action Plan 2012-2014
(NPS 2012a)

The 2012 Climate Change Action Plan builds on the 2010 NPS Climate Change 
Response Strategy to communicate how the NPS can respond to climate change at 
different geographic scales. The plan outlines parameters for introducing science, 
adaptation, mitigation, and communication actions to address climate change. 
The plan also identifies high-priority actions for addressing climate change in NPS 
operations, and describes how to anticipate and prepare for future changes.

on-the-ground management (observe) and adjust as needed. 
The IAP is focused on implementation of the principles and 
practices in the guidebook.

The Intermountain Adaptation 
Partnership Process

The IAP geographic area includes 12 national forests 
(table 1.3) and 22 NPS units across an ecologically and 
geographically complex area. The IAP process includes:

• A vulnerability assessment of the effects of climate 
change on water resources, fisheries, forest and 
nonforest vegetation, disturbance, wildlife, recreation, 

infrastructure, cultural resources, and ecosystem 
services. These resource sectors were selected 
based on their importance in the region and current 
management concerns and challenges.

• Development of adaptation options that will help to 
reduce negative effects of climate change and assist 
the transition of biological systems and management 
to a warmer climate.

• Development of an enduring science-management 
partnership to facilitate ongoing dialogue and 
activities related to climate change and to other 
natural resource management challenges and actions.

• Vulnerability assessments typically involve 
exposure, sensitivity, and adaptive capacity (Parry et 
al. 2007), where exposure is the degree to which the 
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system is exposed to changes in climate, sensitivity 
is an inherent quality of the system that indicates 
the degree to which it could be affected by climate 
change, and adaptive capacity is the ability of a 
system to respond and adjust to the exogenous 
influence of climate. Vulnerability assessments can 
be both qualitative and quantitative and focus on 
whole systems or individual species or resources 
(Glick et al. 2011). Several tools and databases are 
available for systematically assessing sensitivity 
of species (e.g., Case and Lawler 2016; Luce et al. 
2014; Potter and Crane 2010).

We used scientific literature and expert knowledge to 
assess exposure, sensitivity, and adaptive capacity to iden-
tify key vulnerabilities for the selected resource areas. The 
assessment process took place over 2 years and involved 
monthly phone meetings for each of the resource-specific 
assessment teams. Each assessment team refined key ques-
tions that the assessment needed to address, chose values 
and key ecosystem attributes to assess, and determined 
which climate change effects models best informed the 
assessment. In some cases, assessment teams conducted 
spatial analyses or ran and interpreted models, selected 
criteria by which to evaluate model outputs, and developed 
maps of model output and resource sensitivities. To the 
greatest extent possible, teams focused on effects and 
projections specific to the region and used the finest scale 
projections that are scientifically valid.

By working collaboratively with scientists and resource 
managers and focusing on a specific region, the goal of 
IAP was to provide the scientific foundation for integrating 
climate change in planning, ecological restoration, and 
project management (Peterson et al. 2011; Raymond et al. 
2013, 2014; Swanston et al. 2016). After identifying key 
vulnerabilities for each resource sector, scientists, land 
managers, and other stakeholders (box 1.1) convened five 
2-day workshops in May and early June 2016 in Ogden, 
Utah (Uinta and Wasatch Front subregion), Boise, Idaho 
(Middle Rockies subregion), Salt Lake City, Utah (Plateaus 
subregion), Reno, Nevada (Great Basin region), and Idaho 

Falls, Idaho (Southern Greater Yellowstone subregion) to 
present and discuss the vulnerability assessment, and to 
elicit adaptation options from resource managers.

During these workshops, scientists and resource special-
ists presented information on climate change effects and 
current management practices for each of the resources. 
Facilitated dialogue was used to identify key sensitivities 
and adaptation options. Participants identified strategies 
(general approaches) and tactics (on-the-ground actions) 
for adapting resources and management practices to 
climate change, as well as opportunities for implementing 
these adaptation actions in projects, management plans, 
partnerships, and policies. Participants generally focused 
on adaptation options that can be implemented given our 
current scientific understanding of climate change effects, 
but they also identified research and monitoring that would 
benefit future efforts to assess vulnerability and guide 
management practices. Information from the assessment 
was also downscaled to identify the most significant vul-
nerabilities to climate change for priority resources in each 
subregion where appropriate. Facilitators captured infor-
mation generated during the workshops with worksheets 
adapted from Swanston et al. (2016). Initial results from 
the workshops were augmented with continued dialogue 
with Federal agency resource specialists.

This publication contains a chapter on expected clima-
tological changes in the IAP region, and one chapter for 
each of the resource sectors covered in the vulnerability 
assessment (water resources, fisheries, forest and nonforest 
vegetation, disturbance, wildlife, recreation, infrastructure, 
cultural resources, and ecosystem services). Each of the 
resource chapters includes a review of climate change ef-
fects, sensitivities, and current management practices. An 
additional chapter summarizes adaptation strategies and 
tactics that were compiled at the workshops (see Appendix 
1 for author affiliations).

Resource managers and other decisionmakers can use 
this publication in several ways. First, the vulnerability 
assessment will provide information on climate change ef-
fects needed for national forest and national park planning, 

Table 1.3—Area of U.S. Forest Service units in the Forest Service Intermountain Region (from USDA FS 2016). The 
national forests and grassland in the Intermountain Region are organized into 12 administrative units discussed 
throughout this assessment. The Forest Service Rocky Mountain Research Station manages the Desert Range 
Experimental Station. The “Other” category refers to areas located within National Forest System boundaries that are 
not Federally owned or administered by the Forest Service.

Number of units
National Forest 

System Other Total

-----------------------------------------Acres------------------------------------------------

National forest 18 31,784,550 2,330,896 34,115,446

National grassland 1 47,544 27,240 74,784

Research and  
 experimental area

1 55,510 0 55,510

    Regional totals 20 31,887,604 2,358,136 34,245,740
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projects, conservation strategies, restoration, monitoring, 
and environmental effects analyses. Second, climate 
change sensitivities and adaptation options developed at 
the broad scale provide the scientific foundation for finer 
scale assessments, adaptation planning, and resource moni-
toring. We expect that over time, and as needs and funding 
align, appropriate adaptation options will be incorporated 
into plans and programs of Federal management units. 
Third, we anticipate that resource specialists will apply 
this assessment to incorporate climate-smart resource 
management and planning in land management throughout 
the region.

Adaptation planning is an ongoing and iterative process. 
Implementation may occur at critical times in the planning 
process, such as when managers revise USFS land man-
agement plans and other planning documents, or after the 
occurrence of extreme events and ecological disturbances 
(e.g., wildfire). We focus on adaptation options for the USFS 
and NPS, but information in this publication can be used 
by other land management agencies as well. Just as the IAP 
process has been adapted from previous vulnerability as-
sessments and adaptation planning, it can be further adapted 
by other national forests and organizations, thus propagating 
climate-smart management across larger landscapes.

Toward an All-Lands Approach 
to Climate Change Adaptation

The USFS and NPS climate change strategies identify 
the need to build partnerships and work across jurisdiction-
al boundaries when planning for adaptation. This concept 
of responding to the challenge of climate change with an 
“all-lands” approach is frequently mentioned, but a process 
for doing so is rarely defined. In addition to representatives 
from the USFS and NPS, several other agencies and or-
ganizations participated in the resource sector workshops. 
This type of partnership enables a coordinated and comple-
mentary approach to adaptation that crosses jurisdictional 
boundaries. The IAP also provides a venue for agencies to 
learn from the practices of others so that the most effective 
adaptation strategies can be identified.

Risks and vulnerabilities resulting from climate change 
and gaps in scientific knowledge and policy need to be 
assessed on a continual basis. Adaptation is a prominent 
focus of the IAP, with emphasis on creating resilience 
in human and natural systems. Communicating climate 
change information and engaging employees, partners, and 
the public in productive discussions is also an integral part 
of successfully responding to climate change. The need for 
partnerships and collaborations on climate change issues 
was clearly identified in the IAP. Sharing climate change 
information, vulnerability assessments, and adaptation 
strategies across administrative boundaries will contribute 
to the success of climate change responses throughout the 
Intermountain West.
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Introduction
The Intermountain Adaptation Partnership (IAP) 

encompasses unique landscapes within the Intermountain 
Region of the U.S. Forest Service (USFS), from rugged 
mountains to deep canyons, from alpine snowfields to 
wild and scenic rivers (fig. 1.1). The area defined by the 
boundaries of the Intermountain Region contains both 
private and Federally owned lands, including 12 national 
forests and 22 national parks. Before Euro-Americans 
settled this area, Native American tribes occupied the land 
for thousands of years. With Euro-American settlement 
came timber extraction, mining, grazing, water extraction, 
and increased recreation to the region. Urban growth has 
increased significantly during recent decades, bringing new 

Chapter 2: Biogeographic, Cultural, and 
Historical Setting

Hanna K. Olson and Don W. Fallon

businesses and development that affect socioeconomic and 
natural environments.

Climate, biogeography, natural resource conditions, 
and management issues differ considerably from Idaho to 
Nevada, and from western Wyoming to the southern border 
of Utah. To capture how these differences influence poten-
tial climate change effects and adaptation strategies, the 
IAP region was divided into six subregions that are detailed 
in this assessment: the Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch Front, Plateaus Great 
Basin and Semi Desert, and Intermountain Semi Desert sub-
regions (fig. 1.1, table 2.1). The Intermountain Semi Desert 
contains no national forests, but is identified as a discrete 
area that may be of interest to those outside the USFS. Each 
subregion is briefly characterized in the next section.

National forest Subregions

Number of 
subregions in a 
national forest

Ashley Uintas and Wasatch Front, Plateaus 2
Boise Middle Rockies 1
Bridger-Teton Southern Greater Yellowstone 1
Caribou-Targhee Middle Rockies, Southern Greater Yellowstone, Uintas and Wasatch Front 3
Dixie Plateaus, Great Basin and Semi Desert 2
Fishlake Plateaus, Great Basin and Semi Desert 2
Humboldt-Toiyabe Great Basin and Semi Desert 1
Manti-La Sal Uintas and Wasatch Front, Plateaus 2
Payette Middle Rockies 1
Salmon-Challis Middle Rockies 1
Sawtooth Middle Rockies, Uintas and Wasatch Front 2
Uinta-Wasatch-Cache Uintas and Wasatch Front, Plateaus, Great Basin and Semi Desert 3

Subregion National forest

Number of 
national forests  
in a subregion

Middle Rockies Boise, Caribou-Targhee, Payette, Salmon-Challis, Sawtooth 5
Southern Greater Yellowstone Bridger-Teton, Caribou-Targhee 2
Uintas and Wasatch Front Ashley, Caribou-Targhee, Manti-La Sal, Uinta-Wasatch-Cache, Sawtooth 5
Plateaus Ashley, Dixie, Fishlake, Manti-La Sal, Uinta-Wasatch-Cache 5
Great Basin and Semi Desert Dixie, Fishlake, Humboldt-Toiyabe, Uinta-Wasatch-Cache 4
Intermountain Semi Desert None 0

Table 2.1—Subregions within national forests and national forests within subregions of the Intermountain Adaptation Partnership 
region.
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Figure 2.1—National 
forests within the 
Middle Rockies 
subregion of the 
Intermountain 
Adaptation 
Partnership region.

Descriptions of Subregions

Middle Rockies Subregion
The Middle Rockies subregion is part of the Rocky 

Mountains and extends over 16 million acres of central 
Idaho (fig. 2.1). The subregion is characterized by rugged 
mountain ranges and intermontane valleys vegetated with 
coniferous forests, as well as sagebrush-steppe ecosystems 
in the lower elevations, particularly in the southern and east-
ern portions (fig. 2.2). The subregion includes the Payette, 
Salmon-Challis, Boise, and Sawtooth National Forests, and 
a small portion of the Caribou-Targhee National Forest. 
This area is bordered by the Centennial Mountains near 
the Montana-Idaho border, the Lemhi Mountains along the 
Continental Divide of the western Montana-Idaho border, 
the northeastern Beaverhead Mountains, and the Salmon 
River Mountains in the northern section of the subregion. 

The area extends southward to the Intermountain Semi 
Desert subregion, which is dominated by geographic fea-
tures associated with the Snake River Plains volcanic fields. 
Designated wilderness areas encompass almost 1.5 million 
acres of this subregion.

Geologically, the area is relatively young with emplace-
ment of Cretaceous igneous intrusions (batholiths) roughly 
120 million years BP, and younger Columbia basalts on the 
western boundary. During the Pleistocene (roughly 10,000 
to 130,000 years BP), mountain glaciers carved and gouged 
the bedrock while depositing glacial till and associated river 
deposits in the intermontane valleys. The modern mountain 
ranges are characterized by high elevation ridges and 
deeply incised river valleys, such as those associated with 
the Salmon River in the Frank Church River of No Return 
Wilderness (Demarchi 1994).

Numerous rivers run through the Middle Rockies sub-
region. The Salmon River, flowing westward and spanning 
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Figure 2.2—Rugged mountain 
topography in the 
Salmon-Challis National 
Forest. Subalpine forest 
and montane shrubs 
characterize the higher 
elevations (photo: U.S. 
Forest Service).
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425 mi, divides northern Idaho from the remainder of the 
State. Major subbasins include the Little Salmon River, the 
Lemhi River, and the Big and Little Lost Rivers in east-
central Idaho. Dry land farming occurs in valleys within the 
southeastern portion of central Idaho. The 1,000-mile-long 
Snake River enters the eastern edge of the subregion and 
is joined by the Salmon River near Riggins, Idaho, where 
river incision has created Hells Canyon, the deepest river 
gorge in North America. High flows of the merged rivers 
exceed those of the Colorado River (Idaho Department of 
Health and Welfare 1999). In the northwestern portion of 
the Middle Rockies subregion, the Boise River and Payette 
River are major tributaries of the Snake River. The Payette 
River leads to the popular recreation areas of Lake Cascade 
and Lake Payette. The Lemhi River is fed by the Bitterroot 
Range and the Big Lost River Range, and is a critical 
spawning habitat for Federally protected steelhead trout 
(Oncorhynchus mykiss) and Chinook salmon (Oncorhynchus 
tshawytscha) (Idaho Department of Health and Welfare 
1999). The Big Lost River and the Little Lost River Range 
are named for their disappearance underground as they leave 
their valleys and flow into the Intermountain Semi Desert 
subregion.

Climate varies along a gradient between the western 
and eastern areas of central Idaho. Maritime atmospheric 
patterns are prevalent near the northwestern border of the 
subregion, delivering high precipitation that allows conifer-
ous forests to thrive. Toward the southeastern border, the 
climate creates an arid environment that supports sagebrush 
and grassland ecosystems at lower elevations. Eastern Idaho 
experiences large temperature variation during the year, and 

precipitation differs considerably from the western portions 
of the subregion, with monsoonal summer moisture and 
snowier winters. The abrupt elevation gradients associated 
with the steep mountain ranges of central Idaho creates 
an orographic (rain-shadow) effect in which condensed 
moisture is deposited on the western or windward mountain 
slopes, and reduced moisture falls on leeward valley sides of 
the mountains.

Mixed conifer and subalpine forests are the dominant veg-
etation in the Middle Rockies. Heavily forested areas are most 
common in the northern portion of the subregion, progressing 
to more arid lowlands in the southeast. Dominant species 
include Douglas-fir (Pseudotsuga menziesii), ponderosa pine 
(Pinus ponderosa), lodgepole pine (Pinus contorta var. lati-
folia), grand fir (Abies grandis), subalpine fir (A. lasiocarpa), 
Engelmann spruce (Picea engelmannii), and quaking aspen 
(Populus tremuloides) (Brown and Chojnacky 1991). Of 
these species, Douglas-fir, ponderosa pine, lodgepole pine, 
grand fir, subalpine fir, and Engelmann spruce are commer-
cially harvested (USDA FS 2016). Since 1952, ponderosa 
pine cover has decreased by 40 percent because of its high 
timber value (O’Laughlin et al. 1993). Conifer species with 
high ecological value but no commercial value include white-
bark pine (Pinus albicaulis Engelm.), limber pine (P. flexilis), 
alpine larch (Larix lyallii), and western juniper (Juniperus 
occidentalis) (Brown and Chojnacky 1991).

Among the abundant shrub species are serviceberry 
(Amelanchier alnifolia), Rocky Mountain maple (Acer gla-
brum), tall Oregon-grape (Berberis aquifolium), snowbrush 
ceanothus (Ceanothus velutinus), and multiple species of 
sagebrush (Artemisia spp.) (Pyke et al. 2015; Robson and 
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Kingery 2006). Idaho fescue (Festuca idahoensis) and blue-
bunch wheatgrass (Pseudoroegneria spicata) are common 
grassland species. Conservation of rare plant species in the 
subregion is an important management responsibility (Tilley 
et al. 2013).

Over 300 animal species live in the Middle Rockies. Large 
mammals include Canada lynx (Lynx canadensis), grizzly 
bear (Ursus arctos), elk (Cervus elaphus), gray wolf (Canis 
lupus), bighorn sheep (Ovis canadensis), and moose (Alces 
alces). Smaller vertebrates include American beaver (Castor 
canadensis), American pika (Ochotona princeps), snowshoe 
hare (Lepus americanus), yellow-bellied marmot (Marmota 
flaviventris), and Rocky Mountain tailed frog (Ascaphus 
montanus) (Link et al. 2000). The Middle Rockies are home 
to over 400 bird species, including bald eagle (Haliaeetus 
leucocephalus), golden eagle (Aquila chrysaetos), osprey 
(Pandion haliaetus), multiple owl species, trumpeter swan 
(Cygnus buccinator), greater sage-grouse (Centrocercus 
urophasianus), and white-headed woodpecker (Picoides 
albolarvatus).

Fish rearing and spawning sites of both native and nonna-
tive fish species are common in the rivers, lakes, and ponds 
of the Middle Rockies. Steelhead trout, cutthroat trout (O. 
clarkii), and bull trout (Salvelinus confluentus) are sensitive 
species found throughout the subregion. Nonnative lake 
trout (S. namaycush) and brook trout (S. fontinalis) were 
introduced into Idaho’s lakes and streams during the 1900s 
and continue to thrive (Dillon and Grunder 2008). Since the 
1880s, dams and reservoirs have altered water flows and de-
creased water quality in some rivers, leading to declines in the 
white sturgeon (Acipenser transmontanus) population (Dillon 
and Grunder 2008).

Before the 1900s, wildfires in the Middle Rockies 
subregion maintained grasslands and open forests in lower 
elevation and drier portions of the landscape. Historical 
fire frequencies were 10 to 20 years for ponderosa pine and 
dry Douglas-fir forests in Boise National Forest (Crane and 
Fischer 1986). In recent decades, grand fir and Douglas-fir 
have increased in ponderosa pine stands in response to 
decreased fire frequency. The resulting dense, multistoried 
stands are more susceptible to crown fires, insects, and fungal 
pathogens. Sagebrush communities generally have lower 
wildfire frequencies, but are increasingly affected by cheat-
grass (Bromus tectorum) and other nonnative species. These 
annual species create fine fuels that facilitate more frequent 
fire, mostly to the detriment of native species.

Lodgepole pine, whitebark pine, and limber pine have 
undergone high mortality from mountain pine beetle 
(Dendroctonus ponderosae) outbreaks in much of central 
Idaho. A warmer climate has encouraged higher reproductive 
rates in the beetles and allowed them to survive at higher 
elevations (Gibson et al. 2008). Western spruce budworm 
(Choristoneura occidentalis) attacks Douglas-fir, grand fir, 
and pine, causing mortality and low vigor in host stands 
(Fellin and Dewey 1982). Balsam woolly adelgid (Adelges 
piceae) causes subalpine fir mortality and lower growth in 
grand fir (Lowrey 2015).

Forest diseases are especially prominent in conifer forests 
in the Middle Rockies. The nonnative fungus white pine blis-
ter rust (Cronartium ribicola) has caused extensive mortality 
in western white pine (Pinus monticola), whitebark pine, and 
limber pine (Cairns 2015). The formerly abundant western 
white pine has been mostly replaced by Douglas-fir and 
grand fir, driving forest succession toward more susceptible 
stand composition. Although efforts to eradicate blister rust 
have been unsuccessful, decades of natural selection have 
increased rust resistance in remnant western white pines, 
providing a foundation for regeneration of this species in 
the future (Schwandt et al. 2013). Parasitic dwarf mistletoe 
(Arceuthobium spp.) is also fairly common in coniferous 
forests. The spread rate of mistletoe has accelerated in dense, 
multistoried Douglas-fir stands because of the abundance of 
susceptible hosts and ease of mistletoe dispersal and regenera-
tion. Long-term effects include growth reduction of the host 
and reduced forest productivity (Giunta et al. 2016).

No Native American communities or reservations reside 
within the Middle Rockies, although portions of national 
forests are traditional use areas. Historically, riverbanks in 
the Salmon-Challis National Forest provided fishing and 
foraging grounds for the Sheepeater Indians, the Nez Perce 
Tribe, and the Flathead Tribe. After the Lewis and Clark ex-
pedition during the early 19th century, assistance from Indian 
tribes opened the way for fur trappers, explorers, miners, 
ranchers, and settlers to populate what is now Lemhi County. 
Previously, the Whitebird band of the Nez Perce Tribe occu-
pied portions of Payette National Forest, and utilized summer 
hunting and fishing grounds along the Little Salmon River. 
Other bands camped along the Little Salmon and Salmon 
Rivers as a primary source for salmon throughout the harvest-
ing season. A wide variety of plant species provided materials 
for food and construction (Reddy 1993). In the mid-1800s, 
the Federal Government gained control of the land in Idaho, 
restricting the Nez Perce to the northwestern part of the State.

Resource-dependent economic activities in the Middle 
Rockies include livestock grazing, logging, recreation, and 
tourism. The gold rush of the mid-19th century brought 
settlers to the mountainous areas of the IAP region. The 
initial boom quickly died out, leaving only ghost towns to 
mark the once-promising gold and copper mines. Several 
mineral exploration projects are still operating and more have 
been recently proposed. Between the 1860s and 1870s, the 
livestock industry grew within the South Boise, Atlanta, and 
Deadwood mining districts (Jones 1990). After the gold rush, 
summer grazing activity extended beyond the outskirts of 
mining towns, and became established along the Boise and 
Payette river valleys (Jones 1990). The economic viability 
of livestock grazing has declined in recent decades, although 
large areas of national forest and other Federal lands still have 
grazing allotments. Exposure of bighorn sheep to cattle-borne 
diseases is a concern for wildlife managers, and programs are 
aimed at renewing the viability of bighorn sheep populations 
on Federal lands (USDA FS 2011).

Timber operations came to the IAP region during 
the “great buying rush” between 1899 and 1908. These 
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operations supported the expanding railroad system with 
railroad ties, as well as traditional building products. By 1902, 
the Payette Lumber and Manufacturing Company had been 
established, with ponderosa pine as the main commodity. 
The company continued to expand throughout the early 20th 
century, resulting in more sawmills, higher lumber produc-
tion, and a growing economy. However, timber production 
has declined significantly in the past 30 years. Counties south 
of the Salmon River currently contribute up to 11 percent of 
Idaho’s overall timber harvest and 45 percent of the State’s 
timber exports. Valley County provides the largest annual 
timber harvest in the State: 65 million board feet (Brandt et al. 
2012).

Travel and tourism support a significant portion of the 
subregional economy. A study conducted in the Sawtooth 
National Recreation Area found that 77 percent of visi-
tors traveled to the forest for recreational purposes such as 
viewing natural features, hiking, and driving for pleasure 

(Headwaters Economics 2014). In 2012, 6.5 million visitors 
to Idaho national forests (including outside the subregion) 
spent over $300 million on recreation activities.

Southern Greater Yellowstone Subregion
The Southern Greater Yellowstone subregion covers 

6.5 million acres of eastern Idaho, and western Wyoming 
(fig. 2.3). Bridger-Teton National Forest and Caribou-
Targhee National Forests are the only national forests in this 
subregion. The Bridger-Teton spans the eastern portion of 
the Idaho-Wyoming border from Jackson Hole, Wyoming, 
eastward toward west-central Wyoming and contains 3.4 
million acres of watersheds and wildlands. Approximately 
2 million acres of wilderness land, as well as Grand Teton 
National Park, are contained within the subregion. There are 
several designated wilderness areas located on USFS lands 
in the subregion, including the Teton Wilderness and Wind 

Figure 2.3—National 
forests and national 
parks within the 
Southern Greater 
Yellowstone 
subregion of the 
Intermountain 
Adaptation 
Partnership region.

Chapter 2: Biogeographic, Cultural, and Historical Setting



USDA Forest Service RMRS-GTR-375.  2018 17

River Range Wilderness in Wyoming, and two smaller wil-
dernesses in Idaho: the Jedediah Smith Wilderness, known 
for karst limestone formations and caves, and the Wineger 
Hole Wilderness, which was set aside to protect grizzly bear 
habitat.

Physiography of this area reflects a wide variety of 
geologic mountain-building events. The subregion is part 
of the Greater Yellowstone Area, which extends south 
from the Centennial Mountains and Yellowstone National 
Park, through Grand Teton National Park, and southward 
to include the Wind River Range and Wyoming Range in 
Wyoming. The Centennial Mountains are a result of uplift 
and faulting that form steep, high-relief mountain ranges 
with sharp alpine ridges and cirques at high elevation. 
Faulting in the Centennial Mountains is fairly recent, and 
young faults are also present along the western border of 
Wyoming in the Teton Range, where active block fault-
ing continues today. In the southeastern portions of the 
subregion, deformation and faulting produced the Wind 
River Range, with over 2,500 lakes in alpine and piedmont 
settings. Intermontane valleys include alluvial terraces and 
floodplains on the valley floor, and glacial till and moraines 
along the mountain flanks. The Wyoming Range, Caribou 
Range, and other smaller mountains of southeastern Idaho 
and western Wyoming were formed from low-angle thrust 
faulting associated with overthrust belt mountain building. 
Some smaller areas of volcanic activity produced lava flows 
and basalt in southeastern Idaho. The volcanic hotspot that 
underlies present-day Yellowstone National Park created 
volcanic tuff and tephra deposits in the Absaroka Range, and 
giant volcanic craters in the Island Park area. Glaciers cov-
ered most mountain ranges at times during the Pleistocene, 
carrying till and debris from the mouths of drainages to pro-
duce moraines that were dissected and buried by subsequent 
erosion and sedimentation from rivers and streams.

As elevation increases in the Southern Greater 
Yellowstone subregion, average temperatures decrease, 
and annual precipitation increases (Knight et al. 2014). 
Mountain ecosystems tend to be cool and moist, although 
mountain slopes facing south may experience dry environ-
ments similar to lower elevations. Direct solar radiation and 
increased rates of evaporation allow higher elevations to 
support more arid vegetation, such as mountain big sage-
brush (Artemisia tridentata ssp. vaseyana) and grassland 
species (Knight et al. 2014). Alpine ecosystems are found 
on the uppermost ridges and peaks, dominated by alpine 
vegetation and stunted conifers. Subalpine ecosystems are 
typically coniferous forests with wildflower meadows, 
lush wetlands, and arid shrublands along mountain flanks 
(fig. 2.4). Overall, the steep and rugged topography of the 
mountain ranges provides conditions with 60 to 80 inches of 
annual precipitation in higher elevations and as little as 15 
inches of precipitation at lower elevations. This translates to 
heavy snowfall at high elevations throughout the subregion, 
with prevailing winds dispersing snow accumulations on 
exposed ridges and slopes.

The largest river system in the subregion is the Snake 
River, including the North, South, and Henry’s forks. 
This system drains to the Columbia River through the 
Intermountain Semi Desert subregion. To the southeast, 
the Green River, Sandy River, and Newfork River drain 
southward to the Colorado River system and the Pacific 
Ocean, while a small area in the northeastern portion of the 
subregion drains to the Gulf of Mexico. Smaller rivers, such 
as the Greys River, Blackfoot River, Portneuf River, and 
Hoback River, emanate from surrounding mountains and 
join the larger rivers in the valleys. Numerous reservoirs 
and piedmont lakes are located along the river network, 
including Island Park Reservoir in eastern Idaho, Palisades 
Reservoir near the Idaho-Wyoming border, and several lakes 
at the base of the Wind River Range.

Vegetation in the Southern Greater Yellowstone sub-
region varies from high-elevation alpine grasslands and 
shrublands, through vast coniferous subalpine forests, to 
sagebrush shrublands and agricultural lands at the lowest 

Figure 2.4—Complex mountain topography, alpine meadows, 
and dense coniferous forests, typical of the Southern 
Greater Yellowstone subregion of the Intermountain 
Adaptation Partnership region (photo: U.S. Forest Service).
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elevations. At the uppermost elevations, high precipitation 
(mostly as snow), short growing seasons, and cold temper-
atures create a harsh environment where only stunted trees 
and hardy plants survive. Middle elevations are dominated 
by coniferous forests, typically Douglas-fir, lodgepole 
pine, Engelmann spruce, and subalpine fir. These forests 
were historically logged to provide railroad ties for the 
expanding railroad system to the south. Low elevations are 
dominated by several species of sagebrush. These areas are 
used as rangelands for small communities in the winter, 
as cold weather moves livestock to their lower elevation 
winter ranges (Blackwell and Reese 2001). In some cases, 
hay from surrounding agricultural areas is delivered to 
feed grounds in winter to reduce wildlife mortality. Stands 
of quaking aspen are found throughout middle elevations, 
providing important habitat for wildlife and subalpine 
herbaceous species.

Wildfire plays an important role in maintaining the bio-
diversity of terrestrial ecosystems. Since the big northern 
Idaho wildfires in 1910, fire suppression has been imple-
mented to protect urban communities and other resources 
(Caribou-Targhee National Forest 2005). As a result, many 
conifer forests are relatively mature, in some locations 
blending with aspen woodlands, riparian zones, mountain 
meadows, and sagebrush-grassland habitats. Biodiversity 
in these ecosystems has decreased, promoting high-
severity fires, loss of habitat for bighorn sheep and greater 
sage-grouse, and western balsam bark beetle (Dryocoetes 
confusus) outbreaks in subalpine fir. Prescribed fire has 
been implemented in some locations to reduce fuels, im-
prove wildlife habitat, and increase habitat heterogeneity 
(Caribou-Targhee National Forest 2005).

White pine blister rust and mountain pine beetle have 
reduced whitebark pine populations near the northern 
border of the subregion. Whitebark pine provides forage 
for grizzly bear and black bear (Ursus americanus) during 
the winter. Mountain pine beetle has affected lodgepole 
pine populations, causing increased mortality throughout 
the Intermountain West. Douglas-fir and Engelmann spruce 
stands have suffered stunted growth and mortality from the 
spread of western spruce budworm.

About 100 species of mammals live within the subre-
gion. Common rangeland and forest species include black 
bear, Rocky Mountain elk (Cervus canadensis), moose, 
mule deer (Odocoileus hemionus), pronghorn (Antilocapra 
americana), and bighorn sheep. Areas near Yellowstone 
National Park provide protection for grizzly bear and gray 
wolf. Small vertebrates include American pika, American 
beaver, wolverine (Gulo gulo), and numerous amphibians. 
Grassland ecosystems support large areas for livestock 
grazing. The National Elk Refuge was established in 1912 
to provide feed, sanctuary, and habitat for one of the larg-
est elk herds on Earth. In early fall, elk migrate from the 
surrounding uplands down to Jackson Hole, where hay 
from the surrounding communities is used as forage for the 
surviving elk.

Over 350 avian species reside within the subregion. 
Riparian and forest habitats provide nesting sites for bald 
eagle, golden eagle, peregrine falcon (Falco peregrinus), 
and other raptors. Greater sage-grouse occupies sagebrush-
grassland ecosystems, and is a high-priority species for 
conservation. Trumpeter swan, sandhill crane (Grus 
canadensis), Canada geese (Branta canadensis), and many 
species of ducks are common in the wetlands of Bridger-
Teton National Forest.

World-class fishing is supported along all rivers in the 
Southern Greater Yellowstone subregion. Cutthroat trout 
and mountain whitefish (Prosopium williamsoni) are in-
digenous species, whereas brook trout, brown trout (Salmo 
trutta), lake trout, and golden trout (Oncorhynchus mykiss 
aguabonita) have been introduced in many lakes throughout 
the river system.

Beginning around 11,000 years BP, bands of Shoshone, 
Blackfoot, and Bannock Indians occupied western portions 
of the subregion (State of Wyoming 2013). Farther east, no-
madic hunters and gatherers migrated throughout the valleys 
and mountains of the Wind River and Absaroka Ranges. 
At the beginning of the 19th century, trappers and explorers 
began to frequent western Wyoming and started trading with 
the Indian tribes of the area. Over time, Native American 
tribes were confined to smaller portions of the subregion.

After the Lewis and Clark expedition, John Colter 
traversed the Continental Divide and descended into 
Jackson Hole during the winter of 1807–1808 (State of 
Wyoming 2013). Other settlers soon followed, establishing 
trading posts along the Wind River, Gros Ventre, Teton, 
and Wyoming Ranges. Wyoming became the focus for 
Governmental expeditions, fur trapping, and hunting for 
the next 30 years. Independent trappers began to appear 
in the Jackson Hole Valley, changing the socioeconomic 
trajectory of the area. With increasing settlement of western 
Wyoming, forest reserves were established to protect water, 
wood, wildlife, recreation, and forage. These reserves would 
eventually become the Caribou-Targhee and Bridger-Teton 
National Forests. The Civilian Conservation Corps con-
tributed to an increase in national forest infrastructure and 
expansion of the timber industry. Timber has remained an 
important component of local economies, although the vol-
ume of harvests has decreased greatly in the past 30 years. 
Thinning is now used to reduce stand densities and improve 
wildlife habitat.

The gold rush of 1870, when gold was found near 
Caribou Mountain, sparked a 20-year run of gold mining 
in eastern Idaho and western Wyoming, after which mining 
of phosphate deposits for fertilizers was conducted in the 
Caribou-Targhee National Forest for 50 years. Recently, 
exploration for oil and gas reserves has been conducted 
along the southern portion of the subregion, mostly in the 
surrounding basins.

Tourism is a vital industry in the area, with Jackson Hole 
serving as a major entrance for millions of visitors each year 
to Grand Teton and Yellowstone National Parks. The Grand 
Targhee and Jackson Hole resorts attract skiers from around 
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the world. Other activities, such as camping, hunting, and 
fishing, are popular summer activities for visitors to the 
subregion.

Uintas and Wasatch Front Subregion
The northern portion of the Uintas and Wasatch Front 

subregion includes the Albion, Black Pine, Raft River, and 
Sublett Mountains along the Idaho-Utah border. Sagebrush 
and grasslands dominate the low to middle elevations that 
surround islands of higher elevation coniferous forests. 
Farther south, the rugged Wasatch Front is the western 
border of the subregion, with high ridges and an abrupt 
transition from high desert to alpine ecosystems (fig. 2.5). 
National forests in the subregion are the Uinta-Wasatch-
Cache National Forest, Ashley National Forest, and southern 
portions of the Sawtooth and Caribou-Targhee National 
Forests (fig. 2.6). Over 600,000 acres are dedicated to wil-
derness, including the Wellsville Mountain Wilderness. The 
Curlew National Grassland encompasses over 47,000 acres.

The complex topography of the subregion has resulted 
from millions of years of mountain building, sedimentation, 
and erosion. Warm, shallow water once covered the area of 
the Wasatch and Uinta Mountains, depositing thick layers 
of fossil-bearing gray sediment. Once compression of the 
North American Plate began, thrust faulting and buckling 
on the eastern half of the Wasatch Front created highly 
deformed mountain ranges that shed sediment into the lower 
valleys to create the sandstone and limestone valleys of 
the present day (Atwood 2012). Local and regional uplift 
brought the landscape to its current position, allowing rivers 
and glaciers to carve steep slopes and deposit high volumes 
of sediment within the surrounding basins and ranges. The 

Wasatch fault displays faulting along the base of the steep 
Wasatch Front where fault scarps have displaced beach de-
posits of ancient Lake Bonneville. This lake was the larger 
precursor to the present-day Great Salt Lake, forming from 
meltwaters during warming periods of the Pleistocene.

Near the southeastern corner of the subregion, the 
Green River flows into Flaming Gorge Reservoir, con-
tinuing southeastward and emerging near Vernal, Utah. 
Numerous tributaries that run through the Ashley and 
Uinta-Wasatch-Cache National Forests provide water for 
critical watersheds, including Strawberry Reservoir, where 
diversions and tunnels carry the water from the Uinta Basin 
and the Colorado River drainage to the Wasatch Front for 
agricultural and municipal use.

The northern portion of the subregion has hot sum-
mers with little precipitation and winters that receive high 
amounts of precipitation at higher elevations, but less at 
lower elevations. The southern portion experiences both 
dry summer and wet winter patterns, as well as wet summer 
and dry winter patterns (Shaw and Long 2007). The western 
portion of the subregion has average summer temperatures 
above 90 °F and average winter temperatures below 20 °F. 
The eastern portion typically experiences wet summers 
and dry winters, with annual precipitation as low as 7 to 10 
inches at lower elevations.

Coniferous forests are prominent in the southern por-
tions of the subregion, especially in the Wasatch and Uinta 
Mountains. Scattered patches of coniferous forests occur 
along the middle to high slopes of the northern mountain 
ranges, which are surrounded by sage-steppe ecosystems in 
valleys. Dominant conifer species, including subalpine fir, 
Engelmann spruce, lodegepole pine, and Douglas-fir, ac-
count for a large proportion of the forest types (Heyerdahl et 

Figure 2.5—U-shaped valleys, rugged mountain ranges, scattered alpine lakes, and dense coniferous forests, which are common 
in the Uintas and Wasatch Front subregion of the Intermountain Adaptation Partnership region (photo: U.S. Forest Service).

Chapter 2: Biogeographic, Cultural, and Historical Setting



20 USDA Forest Service RMRS-GTR-375.  2018

al. 2011). Utah juniper (Juniperus osteosperma) and pinyon 
pine (Pinus edulis) occupy arid, shallow, and rocky soils at 
lower elevation. Lower elevations also provide habitat for 
Wyoming big sagebrush (Artemisia tridentata ssp. wyomin-
gensis) and mountain big sagebrush, as well as bluebunch 
wheatgrass, bottlebrush squirreltail (Elymus elymoides), 
Sandberg bluegrass (Poa sandbergii), and Thurber’s needle-
grass (Achnatherum thurberuanum). These shrub-steppe 
systems provide habitat for small fauna, ungulates, and local 
populations of greater sage-grouse.

Wildfire regimes influence the overall health and biodi-
versity of all ecosystems, with most fires occurring during 
July through October (Morris 2006). Fire exclusion in the 
Wasatch Range and Uinta Mountains has mixed conifer 
forests that are relatively mature and dense with high fuel 
loadings, making them susceptible to crown fire. Low-vigor 
stands in Uinta-Wasatch-Cache National Forest provide 
suitable conditions for bark beetle outbreaks, such as the 

outbreak in 1980 when beetle populations were extremely 
high and conditions for beetle survival were optimum 
(Shaw and Long 2007). These forests have been subject to 
outbreaks by mountain pine beetle and other beetle species 
during the past 15 years.

Moose are common in wetlands of most intermontane 
valleys. Mountainous topography provides habitat for elk, 
black bear, bighorn sheep, mule deer, and small popula-
tions of mountain goats (Oreamnos americanus). Sensitive 
species within the Albion Range include mountain lion 
(Felis concolor) and Canada lynx. Small vertebrates include 
lizards, rattlesnakes, sagebrush vole (Lemmiscus curtatus), 
and muskrat (Ondatra zibethicus).

Rivers, streams, creeks, and reservoirs throughout the 
Uintas and Wasatch Front subregion support both native 
and nonnative fish. Colorado River cutthroat trout (O. 
clarkii pleuriticus) is native to the Green River watershed, 
and the Bonneville cutthroat trout (O. c. utah) is native to 

Figure 2.6—National 
forests within the 
Uintas and Wasatch 
Front subregion of 
the Intermountain 
Adaptation 
Partnership region.
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other drainages. These species attract anglers from around 
the world for recreational fishing. Nonnative fish include 
numerous trout and bass species, kokanee salmon (O. 
nerka), walleye (Sander vitreus), and yellow perch (Perca 
flavescens).

Numerous avian species inhabit various ecosystems of 
the subregion. Olive-sided flycatcher (Contopus cooperi), 
chipping sparrow (Spizella passerina), and chickadees 
(Poecile spp.) are common in subalpine forests. Raptors, 
including red-tailed hawk (Buteo jamaicensis), golden 
eagle, and bald eagle, populate low rangelands that border 
the mountains. Along the Wasatch Front, hermit thrush 
(Catharus guttatus), fox sparrow (Passerella iliaca), 
mountain bluebird (Sialia currucoides), and sandhill crane 
are common near small reservoirs and streams. In the Uinta 
Mountains, alpine habitat is occupied by pine grosbeak 
(Pinicola enucleator), three-toed woodpecker (Picoides 
dorsalis), and gray jay (Perisoreus canadensis). Many spe-
cies of shorebirds and waterfowl populate reservoirs across 
the subregion.

Native American tribes once lived throughout the area. 
In 1500, the Northern Utes occupied central Utah, western 
Colorado, southern Wyoming, and northern New Mexico. 
Utah Valley with its abundant supply of fish and other natu-
ral resources supported most of the population (Simmons 
2000). With the acquisition of horses in 1600, the Utes were 
able to extend their range and travel to the Great Plains to 
hunt American bison (Bison bison). The Uintah and Ouray 
Indian Reservation is now home to the Ute Tribe and is situ-
ated south of the Ashley National Forest.

Agriculture accounts for a large portion of the economy. 
The animal industry is the single largest sector of farm 
income in Utah. River valleys and cultivated fields provide 
fertile soils for the production of hay, corn, barley, and a 
variety of fruit. Orchards of apples, apricots, and peaches 
are scattered throughout the subregion and concentrated 
along the Wasatch Front. In the southeastern portion of 
the subregion, melons and other fruits provide economic 
benefits to smaller communities. Specialty products such as 
soap and honey also contribute agricultural income in some 
communities.

Watersheds throughout the subregion are an important 
source of water for municipal, industrial, and recreational 
use, and for hydroelectric power. Flaming Gorge National 
Recreation Area, Strawberry Reservoir, and other smaller 
reservoirs provide these water resources, as well as popular 
destinations for recreation. Watershed and groundwater 
management are a component of resource management for 
urban populations along the Wasatch Front; water supplies 
are decreasing with increasing urban populations, making 
water conservation a significant concern. The Bear River, 
Jordan River, Weber River, and Ogden River are sources 
for this water, relying on dams and diversions to create 
power and allocate water resources. Regulations restricting 
construction, wastewater, and livestock operations help 
ensure adequate water supplies and water quality, although 

overdraft has occurred in aquifers in northern Utah since 
1985 (Burden 2015).

Mining projects have been proposed throughout the 
subregion, including sites that are focused on hard rock such 
as gold or copper mining, and soft rock such as phosphate 
mining. Drilling for oil and gas has expanded, including 
proposed drilling of up to 400 new wells over a 20-year 
period in the Vernal Basin area. About 50 active oil and 
gas wells are currently in national forest lands within the 
subregion. Coal mining is a major industry, with coal fields 
scattered throughout the subregion. Tourism continues to 
provide economic stimulus to many mountainous areas 
along the Wasatch Front. Several world-class ski resorts 
such as Snowbird, Alta, and Park City serve local and inter-
national enthusiasts. Snowbasin and Park City hosted the 
2002 Olympic Games.

Plateaus Subregion
The Plateaus subregion covers the southern half of Utah 

and a small portion of western Colorado, including Ashley, 
Manti-La Sal, Fishlake, and Uinta-Wasatch-Cache, Dixie 
National Forests, as well as Zion, Bryce Canyon, Capitol 
Reef, Arches, and Canyonlands National Parks (fig. 2.7). 
Rugged mountain landscapes contrast with the red-rock 
desert of Utah badlands, where millions of years of erosion 
have carved steep canyons and intricate rock formations 
through the sandstone and carbonate composition of the 
Colorado Plateau. About 150,000 acres are devoted to 
wilderness. Mountain ranges, plateaus, cliffs, and canyons 
characterize the rugged landscape (fig. 2.8), providing recre-
ational and economic benefits for surrounding communities.

In the northwestern portion of the Plateaus subregion, 
Manti-La Sal National Forest contains the La Sal, Manti, 
North Horn, and Abajo Mountains. Rugged topography, al-
pine meadows, and forests cover these north-south trending 
ranges. The Tushar Mountain Range in Fishlake National 
Forest provides the basin for Fish Lake, which is a popular 
location for summer activities. Dixie National Forest con-
tains white cliffs, red canyons, and several mountain peaks 
covered by dense forests and desert shrublands. Sedimentary 
rocks are pronounced at Cedar Breaks National Monument 
and at adjacent national parks, Glenwood Canyon National 
Recreation Area, and Grand Staircase-Escalante National 
Monument.

The major river network in the Plateaus subregion 
belongs to the Green and Colorado River system. Major 
tributaries flow through the surrounding lowlands and empty 
into Lake Powell. The Dirty Devil, Virgin, and San Juan 
Rivers are smaller tributaries that are locally important. 
The north-to-south running Green River joins the Colorado 
River in Canyonlands National Park. The Colorado River 
then flows to the southwest, carving steep cliffs through 
sandstone bedrock and continuing into Arizona. Glen 
Canyon National Recreation Area contains the second larg-
est reservoir in the United States, providing hydroelectric 
power, water resources, and recreation. The westerly 
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Figure 2.7—National 
forests and national 
parks within the 
Plateaus subregion 
of the Intermountain 
Adaptation Partnership 
region.

Figure 2.8—A red-rock 
landscape in the 
Plateaus subregion 
of the Intermountain 
Adaptation Partnership 
region. Steep cliffs line 
canyons that have been 
powerfully eroded 
throughout geologic 
history (photo: U.S. 
Forest Service).
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flowing San Juan River begins in southwestern Colorado, 
flowing southeast until it meets the Colorado River near the 
mouth of Glen Canyon.

The Colorado Plateau is the dominant physiographic 
feature of this area, characterized by isolated buttes, mesas, 
plateaus, steep escarpments and cliffs, and gently folded 
sedimentary rocks. Several small mountain ranges such as 
the La Sal Mountains and Henry Mountains provide higher 
elevations from the surrounding lowlands, supplying water 
to the tributaries. Millions of years of evaporate deposi-
tion, folding, wind and water erosion, and salt deformation 
formed the diverse landscape. Between 70 and 265 million 
years BP, a shallow marine depositional environment cov-
ered the Colorado Plateau, forming limestone, sandstone, 
shales, marine fossils, and salt deposits (Harris et al. 1997).

Erosion processes, such as by wind and rivers, shaped 
the bedrock and topography of this area. Stream incisions 
dissect this relatively flat area through down-cutting and 
headward erosion processes. Melting of Pleistocene glaciers 
provided large volumes of water to be carried throughout 
the Colorado River network, and incised drainages. As 
uplift continued, river incision further carved deep canyons 
throughout the flat landscape, creating landmarks that can 
be observed today (Harris et al. 1997). Strong winds have 
eroded the smooth arches and other geologic formations 
in Arches National Park and Natural Bridges National 
Monument (Harris et al. 1997).

Dominant ecosystems of the Plateaus subregion include 
coniferous and deciduous forests at higher elevations, and 
woodlands, mountain shrub communities, sagebrush shrub-
lands, grasslands, and desert ecosystems at lower elevations. 
Other more isolated ecosystems are also important including 
riparian wetlands, and unique niches within the associated 
canyons, cliffs, and talus slopes. High mountain ranges 
support subalpine ecosystems of coniferous and deciduous 
forests throughout the western portion of the subregion and 
in the La Sal and Henry Mountains. Coniferous forests of 
ponderosa pine, Douglas-fir, white fir (Abies concolor), 
Engelmann spruce, and limber pine occupy mid- to upper 
slopes. Mountain shrub communities intermix with forests, 
and are dominated by understory layers of mountain big 
sagebrush, Wyoming big sagebrush (Artemisia tridentata 
ssp. wyomingensis), common snowberry (Symphoricarpos 
albus), and serviceberry (Amelanchier alnifolia). Deciduous 
woodlands of pinyon pine, Utah juniper, quaking aspen, and 
Gambel oak (Quercus gambelii) exist throughout the subre-
gion and mix with the sagebrush shrublands and agricultural 
grassland ecosystems at lower elevations. These stands con-
tain understory layers of black sagebrush (Artemisia nova), 
mountain big sagebrush, and curl-leaf mountain mahogany 
(Cercocarpus ledifolius) (Mohlenbrock 2006). Utah juniper 
has encroached into sagebrush areas, depleting habitat 
of greater sage-grouse. Riparian areas create hotspots of 
biodiversity for flora and fauna, and help moderate flooding, 
sediment deposition, and water temperature (Knight et al. 
2014). Riparian ecosystems are vulnerable to damage from 
livestock grazing and construction activities for roads and 

other infrastructure (Utah Division of Wildlife Resources 
1991).

Some 480 plant species are found in the subregion. 
Common shrubs include mountain big sagebrush, black 
sagebrush, greenleaf manzanita (Arctostaphylos patula), 
fourwing saltbush (Atriplex canescens), rubber rabbitbrush 
(Ericameria nauseosa), antelope bitterbrush (Purshia 
tridentata), Mormon tea (Ephedra viridis), and greasewood 
(Sarcobatus vermiculatus) (Mohlenbrock 2006). Grasses 
include Salina wildrye (Leymus salinus), galleta (Hilaria 
jamesii), and purple three-awn (Aristida purpurea) (West 
1983). Many of these species are tolerant of high salt concen-
tration in low-elevation soils, especially ancient lake beds.

A particularly fragile feature of desert ecosystems is 
known as a “cryptobiotic crust.” Cyanobacteria and other 
organisms create these crusts on the soil surface where they 
live and retain carbon, fix nitrogen, and stabilize soil. These 
crusts thicken through time, providing nutrients to the dry 
soil below. The crust is vulnerable to disturbances (e.g., hu-
man footprints, vehicles) that disrupt its structure and reduce 
plant growth.

Large mammal species include mule deer, bighorn sheep, 
elk, mountain lion, black bear, and coyote (Canis latrans). 
Smaller vertebrates include red squirrel (Tamiasciurus 
hudsonicus), hoary bat (Lasiurus cinereus), pinyon mouse 
(Peromyscus truei), and desert cottontail (Sylvilagus 
audubonii). Bird species include red-tailed hawk, northern 
goshawk (Accipiter gentilis), Cooper’s hawk (A. cooperi), 
wild turkey (Meleagris gallopavo), boreal owl (Aegolius 
funereus), and numerous warblers. Amphibians and reptiles 
include tiger salamander (Ambystoma tigrinum) and milk 
snake (Lempropeltis triangulum) (West 1983).

The Plateaus subregion contains diverse fisheries in 
streams, lakes, and reservoirs. Common species of fish 
include rainbow trout (Oncorhynchus mykiss), cutthroat 
trout, lake trout, brook trout, speckled dace (Rhinichthys 
osculus), desert sucker (Catostomus clarki), and yellow 
perch. The Virgin River system provides habitat for the rare 
Virgin River chub (Gila seminude), Virgin River spinedace 
(Lepidomeda mollispinis), and woundfin (Plagopterus 
argentissimus). Nonnative fish, stream diversions, and poor 
water quality have reduced the abundance of these species.

Native Americans arrived in the Plateaus subregion 
around 12,500 years BP. Hunting of mammoths, giant 
sloths, and American bison sustained these peoples until the 
megafauna became extinct around 8,000 years BP, when 
the Puebloan people emerged and populated the entire 
region (Hatt 2014). Native Americans had diverse lifeways 
focused on hunting, fishing, food gathering, and eventually 
agriculture. Near the end of the 19th century, pioneers began 
to settle southeastern Utah for mineral extraction, farming, 
and ranching (Hatt 2014). Native American populations 
were greatly reduced following Euro-American contact. 
Currently, the Ute Indians and Navajo Nation have large 
reservations within the subregion.

Geologic evolution of the subregion created extensive 
deposits of coal, oil, gas, tar sands, oil shale, uranium, and 
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potash (Hatt 2014). Coal beds have allowed the subregion to 
become a major contributor to U.S. energy production. On 
a local scale, coal, oil, and gas industries support economic 
development. Renewable energy sources include wind, 
hydroelectric, geothermal, and solar (Hatt 2014). In 2010, 
Ashley National Forest sold more than 1.3 million cubic 
feet of timber (Ashley National Forest 2010), representing a 
significant source of income for local communities.

National parks, national forests, and other lands con-
tribute significantly to the tourism economy of the Plateaus 
subregion, attracting millions of visitors, of which two-
thirds are from out of state. Diverse landscapes from alpine 
forests to the red-rock deserts provide a wide range of at-
tractions for recreation and tourism. Summer offers hunting, 
fishing, hiking, mountain biking, and off-road travel, and 
winter attracts skiers, snowmobilers, and other winter sport 
enthusiasts.

Great Basin and Semi Desert Subregion
The Great Basin and Semi Desert subregion is the largest 

subregion, occupying over 100 million acres, and covering 
most of Nevada, the western half of Utah, small sections 
of southern Idaho, and portions of east-central California 
(fig. 2.9). Sections of Humboldt-Toiyabe National Forest 
are distributed throughout Nevada and parts of east-central 
California. The western half of the Dixie National Forest 
and the northern tip of the Fishlake National Forest are 
included near the eastern border of the subregion.

Between 300 and 800 million years BP, deep oceans 
covered western Utah, depositing limestone and dolomite 
sediments. These deposits were buried by thick layers 
of shale, forming large coal beds that underlie much 
of the subregion. Between 18 and 40 million years BP, 
volcanism formed large calderas, cinder cones, and lava 
flows throughout Nevada and western Utah. Large areas 
of mineral deposits (silver, gold, molybdenum, zinc, beryl-
lium, iron, and copper) were formed in hydrothermal veins 
and host rock. Around 65 million years BP, Utah began to 

Figure 2.9—National 
forests and national 
parks within the 
Great Basin and Semi 
Desert subregion of 
the Intermountain 
Adaptation Partnership 
region.
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sink and extensional faulting produced the basin-and-range 
topography of the Great Basin (Black 2011). More than 150 
different mountain ranges are scattered throughout Nevada 
and Utah, including the Schell Creek Range, Toiyabe Range, 
Ruby Mountains, Shoshone Mountains, and Snake Range. 
These mountains are typically isolated and surrounded by 
intervening lowlands.

Around 10,000 years BP, melting glaciers of the Rocky 
Mountains and Sierra Nevada filled valleys of the Great 
Basin (Black 2011). Lake Bonneville and Lake Lahontan 
formed, covering most of western Utah. As climate warmed, 
both lakes evaporated and left remnant lakes (e.g., Sevier 
Lake and the Great Salt Lake from Lake Bonneville), as 
well as numerous dry playas.

Climate in the Great Basin and Semi Desert subregion is 
mostly desert and semiarid. The high Sierra Nevada traps 
moisture coming from the Pacific Ocean, creating a signifi-
cant rain-shadow effect that makes Nevada the driest State 
in the United States. Average temperatures in northwestern 
Nevada are about 50 °F, with hot, dry summers and mod-
erately cool winters (WRCC 2016). Farther south, average 
temperatures are about 65 °F; summers are long and hot, 
and winters are short and mild. Little precipitation falls in 
the southern part of the subregion, whereas the northwestern 
portion receives more precipitation because of proximity to 
the Sierra Nevada.

The Humboldt, Colorado, Sevier, and Truckee Rivers 
are the major river networks in the subregion. Smaller river 
networks include the Carson and Walker Rivers. Supplied 
with water from the Rocky Mountains to the north and east, 
the Colorado River flows in the southeastern portion of the 
subregion. The Humboldt River runs 290 miles through 
northern Nevada (the longest U.S. river that exists entirely 
within one State), and drains into the Humboldt Sink, a 
playa in western Nevada. The headwaters of the Humboldt 
River drain the East Humboldt and Jarbidge Ranges, and 

the river continues westward, gathering water from scat-
tered tributaries along the way during the spring and losing 
surface water to groundwater during much of the rest of the 
year. The Sevier River is Utah’s longest river, flowing 279 
miles through western Utah and emptying into the nearly 
dry Sevier Lake (Seligman et al. 2008).

With elevations ranging from 4,100 to 13,065 feet, the 
Great Basin and Semi Desert subregion exhibits a broad 
spectrum of ecosystems. High elevations contain a mixture 
of alpine, subalpine, woodland, riparian, and shrub habitats. 
Subalpine ecosystems include quaking aspen woodlands, 
coniferous forests, pinyon-juniper woodlands, and mountain 
shrublands. Aspen woodlands dominate more than 250,000 
acres and are commonly found between 5,200 and 10,500 
feet, providing wildlife habitat, areas for livestock grazing, 
and recreation opportunities. Lower elevations are domi-
nated by sagebrush-steppe ecosystems (fig. 2.10), which 
encompass most of the subregion, and include numerous 
small spring-fed riparian and wetland areas.

Mountain shrub communities of mountain big sagebrush, 
serviceberry, Gambel oak, and many other species occupy 
mountain slopes at 5,000 to 9,000 feet elevation. These are 
the most widespread communities in the subregion, provid-
ing nesting, food resources, and shelter for many vertebrate 
and invertebrate species. Riparian zones are common along 
the lower portions of the mountain ranges in Humboldt-
Toiyabe National Forest. Springs, rivers, creeks, and lakes 
offer moist conditions for grasses and forbs and habitat for 
mammals, migratory songbirds, and wildflowers.

Coniferous forests, including bristlecone pine (Pinus 
longaeva), limber pine, whitebark pine, and ponderosa 
pine, occur at mid- to high elevations. In the eastern Sierra 
Nevada, coniferous forests also include Jeffrey pine (Pinus 
jeffreyi), lodgepole pine, western white pine, Douglas-fir, 
white fir, and Shasta red fir (Abies magnifica). Pinyon-
juniper woodlands exist at middle elevations, dominated 

Figure 2.10—Sagebrush 
and desert shrub habitats 
characteristic of the 
Great Basin and Semi 
Desert subregion of the 
Intermountain Adaptation 
Partnership region (photo: 
U.S. Geological Survey).
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by pinyon pine and Utah juniper. These woodlands pro-
vide habitat for mule deer, desert cottontail, pinyon jay 
(Gymnorhinus cyanocephalus), and Clark’s nutcracker 
(Nucifraga columbiana). Expansion of pinyon-juniper 
woodlands has displaced some shrub-steppe habitat, and 
cutting and mechanical treatments are used to control the 
extent of woodlands in some locations.

Sagebrush is common throughout the Great Basin and 
Semi Desert subregion, providing habitat for sage sparrow 
(Artemisiospiza belli), sage thrasher (Oreoscoptes monta-
nus), loggerhead shrike (Lanius ludovicianus), burrowing 
owl (Athene cunicularia), and greater sage-grouse. Both 
large and small vertebrates, including pronghorn and mule 
deer, inhabit sagebrush ecosystems.

Other large mammals in this subregion include desert 
(Ovis canadensis nelsoni), California (O.c. californiana), 
Rocky Mountain (O.c. canadensis), and Sierra Nevada 
(O.c. sierra) bighorn sheep; elk; mountain goat; black bear; 
and mountain lion. Small mammals include several species 
of rabbits, Sierra Nevada red fox (Vulpes vulpes necator), 
coyote, bobcat (Lynx rufus), Palmer’s chipmunk (Tamias 
palmeri), American marten (Martes americana), and numer-
ous bat species. Wild horses and burros are common across 
the entire State, competing with wildlife and livestock for 
scarce forage. Birds in the subregion include greater sage-
grouse, goshawk, California spotted owl (Strix occidentalis 
occidentalis), great gray owl (Strix nebulosi), flammulated 
owl (Psiloscops flammeolus), burrowing owl (Athene 
cunicularia), red-tailed hawk, golden eagle, prairie falcon 
(Falco mexicanus), and Cooper’s hawk.

Many fish species occupy streams and major rivers 
in the subregion. Rivers and streams of eastern Nevada 
contain Bonneville cutthroat trout, interior redband trout 
(Oncohynchus mykiss gairdneri), and bull trout. The 
Sevier River contains primarily brown trout, rainbow trout, 
and cutthroat trout. Lahontan cutthroat trout (O. clarkii 
henshawi), a Federally listed threatened species, occurs in 
isolated mountain streams throughout much of Nevada. 
Silver King Creek in California contains the only population 
of Paiute cutthroat trout (O. clarkii seleniris).

Desert ecosystems support Pacific tree frog (Hyla 
regilla), Columbia spotted frog (Rana luteiventris), and 
red-spotted toad (Bufo punctatus). The mountain yellow-
legged frog (R. muscosa) and Yosemite toad (B. canorus) 
occupy the higher elevations in the far western part of 
the subregion. Reptiles include side-blotched lizard (Uta 
stansburiana), zebra-tailed lizard (Callisaurus draconoi-
des), Great Basin collared lizard (Crotaphytus bicinctores), 
coachwhip (Masticophis flagellum), speckled rattlesnake 
(Crotalus mitchellii), and Gilbert’s skink (Plestiodon gil-
berti) (Knight et al. 2014). Many species of hummingbirds 
and small songbirds populate both desert and mountain 
ecosystems (Knight et al. 2014).

Wildfire regimes in the subregion have been altered 
where nonnative species have proliferated following fire. At 
the end of the 19th century, cheatgrass was introduced to the 
shrublands. This species is highly flammable, increases the 

spread rate of wildfires, and regenerates quickly after fire, 
outcompeting sagebrush and other perennial species (Blank 
et al. 2008). Public policy has encouraged fire suppression 
throughout the subregion, which has resulted in single-age 
sagebrush habitats that lack herbaceous and perennial grass 
species (Blank et al. 2008). Some shrub cover is so dense 
that biodiversity is low within these habitats.

Before Euro-American settlement, Native American 
tribes claimed lands that are now in Humboldt-Toiyabe 
and Dixie National Forests. In the Nevada portion of the 
area, the ancestral land of the Southern Paiute, Northern 
Paiute, Western Shoshone, and Washoe Indians has been 
inhabited for over 4,500 years. The Fremont, Anasazi, and 
Paiute Indians inhabited what is now Dixie National Forest. 
Several Indian reservations occupy the area, including those 
for the Summit Lake Paiute Tribe, Pyramid Lake Paiute 
Tribe, Walker River Paiute Tribe, Moapa Band of Paiute 
Indians, Goshute Confederated Tribes, Te-Moak Tribe of 
Western Shoshone Indians-South Fork band, Skull Valley 
band of Goshute Indians, Paiute Indian Tribes-Shivwits 
band, and a portion of the Shoshone-Paiute Tribe.

The 19th-century California gold rush brought Euro-
American settlers to the area. Emigrant roads and trails 
connected mining towns, logging sites, and stagecoach 
stops throughout the region. Industries and economic pres-
sure grew with continued settlement of the American West 
throughout the 19th century. Nevada leads the country in 
production of gold, barite, diatomite, and mercury, and is the 
only State that produces magnesite, lithium, and specialty 
clays (Price 2004).

Oil and gas reserves lie below the eastern part of the 
subregion. The National Forest System evaluates lands for 
drilling potential in accordance with the Federal Onshore 
Oil and Gas Leasing Reform Act of 1987 (Dixie National 
Forest 2011). Drilling is allowed within some areas of Dixie 
National Forest and Humboldt-Toiyabe National Forest, 
excluding designated wilderness, although no drilling has 
been conducted on Dixie National Forest since 1987. Most 
expressions of interest in drilling have been processed by 
the Bureau of Land Management for its lands adjacent to 
national forests.

Several prominent conservation issues influence resource 
management in this subregion. Humboldt-Toiyabe National 
Forest is home to over 800 wild horses and burros. The Wild 
Free-Roaming Horses and Burros Act of 1971 (Public Law 
92-195) protects wild horses and burros of the American 
West, but competition for forage and water resources with 
domestic livestock is controversial. Fragmentation and loss 
of sagebrush habitat have made the Columbia spotted frog a 
candidate endangered species, susceptible to extirpation in 
some areas. Protection of the species has been implemented 
in the greater Humboldt River watershed of central and 
northeastern Nevada. Conservation of greater sage-grouse, 
one of the highest profile natural resource issues in the 
West, is influenced by the loss of sagebrush ecosystems, 
with declining populations of sage-grouse in Nevada and 
Utah. Methods to sustain both the habitat and population of 
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sage-grouse include restoration of shrub-steppe ecosystems 
and control of nonnative species (Nevada Department of 
Wildlife 2013).

Intermountain Semi Desert Subregion
The Intermountain Semi Desert subregion covers 5.5 

million acres. No national forests are located here, although 
500,000 acres of wilderness area have been reserved, along 
with Craters of the Moon National Monument and Idaho 
National Laboratory in the north-central part of the subre-
gion (fig. 2.11).

The western half of the subregion contains the Snake 
River Plain and Camas Plain. Uplands consist of the 
Owyhee Plateau located along the Idaho-Nevada border, and 
the Blackfoot Mountains. Flat plateaus and volcanic plains 
dotted with cinder cones and other volcanic remnants char-
acterize the landscape. Deep river canyons, granite domes, 
and rugged peaks distinguish the Owyhee Mountains from 
the low-lying areas along the Snake River to the north, 
where basalt sheets underlie the irrigated plains. The eastern 
half of the subregion begins just north of the junction with 
Idaho, Utah, and Wyoming, extending west into the Great 

Basin. Desert habitats are uniformly distributed throughout 
the plains and plateaus.

The northwestern corner of the subregion typically 
has the same maritime climate trends as northern and 
central Idaho. Within the Snake River Plain, the climate is 
influenced by warm, dry Pacific air masses and cold, moist 
Arctic air masses that converge from western and northern 
directions, respectively. This interaction allows for freezing 
winter temperatures, summer thunderstorms, and hot, humid 
summers. The Snake River Plain and the area south to the 
Nevada/Idaho border receive an average of 10 to 15 inches 
of precipitation annually (Chandler 2003). However, the 
higher elevation Owyhee Mountains receive more precipita-
tion and prolonged freezing temperatures during the winter. 
The Blackfoot Mountains have cool, dry winters and hot, 
dry summers.

The South Fork of the Boise River runs westward across 
the northwestern corner of the Intermountain Semi Desert 
subregion, joining the North and Central Forks of the Boise 
River at Arrow Rock Reservoir. Originating from the north-
eastern corner of the subregion, the Snake River cuts across 
the middle of the Snake River Plain from the Southern 
Greater Yellowstone subregion to the Oregon-Idaho border. 

Figure 2.11—Location of the Intermountain Semi Desert subregion of the Intermountain Adaptation Partnership region.
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Impoundments to the Snake River, such as those at Lake 
Walcott and American Falls Reservoir, provide hydroelec-
tricity and irrigation water for nearby agriculture. In the 
northeastern areas, the Big Lost River disappears from 
its central Idaho source, drains to the Snake River aquifer 
below the surface of the volcanic rocks, and re-emerges 
near Thousand Springs Creek. Incising through canyons of 
the Owyhee Mountains, the Owyhee River flows generally 
northward to the Snake River near the Oregon-Idaho border, 
forming one of the largest subbasins of the Columbia River 
system.

The Snake River Plain is believed to have originated 
16 to 17 million years BP as a hotspot of the Earth’s crust 
moved from west to east, producing lava flows and basalt 
throughout the subregion. Large basalt flows erupted onto 
the surface in volcanic rift zones. Between 12,000 and 
15,000 years BP, powerful floods cut through the Snake 
River basin from Lake Bonneville to the south, depositing 
alluvial sediments derived from adjacent mountain ranges. 
The Owyhee Plateau marks the highland portions of the 
subregion, characterized by warped volcanic deposits that 
eventually converge with the lower plains (Chandler 2003).

Sagebrush-steppe ecosystems are distributed throughout 
lower elevations in the subregion, giving way to mountain 
big sagebrush and other subalpine systems at higher eleva-
tions (fig. 2.12). The northern border of the western section 
of the subregion is dominated by subalpine ecosystems 
similar to those of the Middle Rockies subregion. Farther to 
the south, the high desert habitats of the Great Basin become 
more prevalent with more arid vegetation.

High desert habitats are dominated by open desert with 
low-lying sagebrush and grasslands. As the Snake River 
flows along the natural arc-shape of the plain, riparian 
zones are plentiful and contain habitat for willows (Salix 
spp.), quaking aspen, narrowleaf cottonwood (Populus 

angustifolia), and chokecherry (Prunus virginiana). 
Sagebrush shrublands, including mountain big sagebrush, 
greasewood, and shadscale (Atriplex confertifolia), cover 
most of the central and southern portions of lower eleva-
tions (Chandler 2003). Nonnative Russian thistle (Salsola 
kali), cheatgrass, and other species have degraded the once 
productive grazing land that lies between Twin Falls and the 
Boise River.

Wildfire frequency in the subregion has increased since 
the early 1900s. Before European settlement, fire intervals 
were 60 to 110 years, allowing for productive native 
grasslands to thrive (Manier et al. 2011). Introduction of 
cheatgrass has reduced intervals to less than 5 years in some 
places. After fires occur, cheatgrass regenerates quickly, 
limiting the growth of native vegetation and providing fuel 
for subsequent fires. Addressing this change in ecology 
and disturbance regimes is a major challenge for resource 
management in the Snake River Plain. In addition, juniper 
woodlands have expanded into sagebrush and grasslands 
of the lower plains, reducing wildlife habitat, water quality, 
and forage for grazing.

The subregion is home to a wide range of mammals, in-
cluding mule deer, whitetail deer (Odocoileus virginianus), 
black bear, Rocky Mountain elk, bighorn sheep, pronghorn, 
and American bison. Smaller mammals include badger 
(Taxidea taxus), coyote, yellow pine chipmunk (Tamias 
amoenus), Great Basin pocket mouse (Perognathus parvus), 
and bobcat (Chandler 2003).

Greater sage-grouse can be found throughout the 
sagebrush-steppe ecosystem, especially in the Owyhee 
Canyonlands. Steeper cliffs of the Canyonlands provide 
important nesting and foraging habitat for raptor species, 
such as red-tailed hawk, golden eagle, and peregrine fal-
con. These species also populate the eastern and western 
plains, which are home to osprey, American kestrel (Falco 

Figure 2.12—Highly 
incised river canyons, 
flat plateaus, and 
sagebrush-grasslands 
characteristic of the 
Intermountain Semi 
Desert subregion of 
the Intermountain 
Adaptation Partnership 
region, shown here 
in Birds of Prey 
National Conservation 
Area (photo: Natural 
Resources Conservation 
Service).
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sparverius), bald eagle, and prairie falcon as well. In the 
juniper highlands and Blackfoot Mountains, iconic birds 
include common poorwill (Phalaenoptilus nuttallii), broad-
tailed hummingbird (Selasphorus platycercus), bushtit 
(Psaltriparus minimus), and green-tailed towhee (Pipilo 
chlorurus).

Within the Snake River system, anadromous fish, includ-
ing steelhead trout and Chinook salmon, arrive in the spring. 
Interior redband trout, bull trout, mountain whitefish, and 
other fish species inhabit the Owyhee River and Bruneau 
River. The Owyhee River contains large populations of non-
native brown trout and rainbow trout.

The Fort Hall Reservation, located in southeastern Idaho, 
is home to the Shoshone-Bannock Indian Tribes. The Fort 
Bridger Treaty of 1868 and the Indian Reorganization Act of 
1934 granted self-governing rights to the tribes (Shoshone-
Bannock Tribes 2015). Historically, the tribes consisted of 
hunters and gatherers who traveled in spring and summer 
collecting winter supplies. Riparian zones along the Snake 
River provided a diversity of plant food sources. Abundant 
salmon in the river were harvested year round, along with 
mammals that inhabited the river banks. American bison 
was valued as a primary food and raw material for tribal 
communities. By 1864, bison had vanished from the area, 
and land ownership changed from ancestral tribal lands 
to the reservation system. Resource management and 
land ownership policies in the surrounding area of the 
current-day reservation are administered by U.S. and Tribal 
Governments.
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Introduction
The Intermountain Adaptation Partnership (IAP) region 

is characterized by extreme temperatures and precipita-
tion; it is home to some of the driest, hottest, and coldest 
locations in the conterminous United States. The region 
has numerous mountain ranges, high-elevation basins and 
valleys, and low-elevation mesas and canyons. Climate is 
influenced by this diverse and complex terrain. The IAP re-
gion is bounded on the eastern side by the Rocky Mountains 
and on the western side by the Sierra Nevada. For this 
region, moisture comes predominantly from the Pacific 
Ocean, and consequently much of the moisture occurs as 
orographic precipitation in the mountains.

This chapter provides a brief discussion of the current 
climate in each of the six subregions to set the context for 
projected changes in climate under two future scenarios. The 
Great Basin and Semi Desert, and the Intermountain Semi 
Desert subregions are warmer and drier than the Southern 
Greater Yellowstone and Middle Rockies subregions. The 
Plateaus, and Uintas and Wasatch Front subregions have in-
termediate amounts of precipitation. Within each subregion, 
climate influences the ecosystem services that forests and 
rangelands provide. Thus, an understanding of how climate 
may change in the future is vital for long-term planning and 
management.

This chapter focuses on the historical record of climate, 
primarily temperature and precipitation, and the projected 
changes in temperature and precipitation. Chapter 4 de-
scribes the effects of climate on hydrological processes, 
snowpack and glaciers, streamflow, sediment yield, and 
drought. The impacts of climate change on wildfire and 
geologic processes, such as mass wasting, are discussed in 
Chapter 8. Other chapters review literature on the effects of 
climate change on particular resources, such as individual 
species in Chapter 9.

Assessing Climate Futures for Natural 
Resource Management

Information on weather and climate are used to inform 
the decisionmaking process in natural resource manage-
ment. Day-to-day resource management practices are 
implemented with information on real-time conditions of 
temperature, precipitation, wind, humidity, and other meteo-
rological factors. These specific conditions over a relatively 
short time period and in a particular place are what we call 
weather. This information is used to make on-the-ground 

real-time decisions, such as the start of prescribed fire 
activities.

Long-term resource management strategies and plans 
are informed by the observed dynamics of precipitation, 
temperature, wind, snowfall, and other measures of weather 
over a long time period in a particular place. Climate is 
defined by this long-term meteorological information. 
Understanding the climate of an area assists managers in 
identifying both the general characteristics of the area and 
the risks associated with potential extremes of weather con-
ditions, such as flooding, drought, wildfire, and extreme heat 
or cold events. Typically, the most recent three full decades 
(e.g., 1981–2010) are used to determine the normal climate, 
or the average conditions on an annual, monthly, or daily 
basis. Long-term records (>30 years) are also used to assess 
the risk of specific weather events and thresholds that have 
relevance to management, such as in the sizing of culverts 
and bridges.

Although long-term records of climate can help to 
establish the characteristics of the average climate or the 
probability of certain extreme events, future climate may be 
different than the past 30 to 60 years (Walsh et al. 2014). To 
understand how climate might change, scientists use global 
climate models (GCMs), which are supercomputer-based 
simulations that represent the key components, interactions, 
and feedback processes of the climate system, based on 
fundamental physical laws and decades of observations of 
the atmosphere, oceans, ice sheets, and biosphere. These 
models have been used to study the physical dynamics of 
the atmosphere and the interaction between the atmosphere 
and the surface of the Earth, as well as interactions with 
ocean currents moving heat around the globe. Information 
on future changes in climate provided by GCMs can be 
helpful in understanding how the environmental settings of 
plants, animals, and habitats may change in the future; how 
runoff and seasonal flows may vary with precipitation and 
timing of snowmelt; and how wildfire, insects and disease 
patterns may change.

Scenarios
Climate models have been an important part of the 

Intergovernmental Panel on Climate Change (IPCC) as-
sessments since 1990. In 1995, atmospheric scientists came 
together to coordinate a standardized set of model runs 
(also called experiments) for evaluating changes to past and 
future global climate: the Coupled Model Intercomparison 
Project (CMIP) (Meehl et al. 2007). This project also 
developed a web portal where these GCM results could be 
archived and made available for use by other scientists. This 
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approach allows for a rigorous comparison of results across 
the models because the models have similar initial condi-
tions and similar changes in atmospheric chemistry and land 
use cover over time. This approach improves our under-
standing of the range of possible future climate change.

Many of the model experiments focus on improving 
the ability of the model to describe climate; however, 
these models can also be used to look at the evolution of 
climate over time when a description of how the future may 
develop is constructed. A climate scenario is a simplified 
representation of future climate, based on climatological 
relationships constructed for investigating the potential 
consequences of human-caused climate change (Stocker et 
al. 2013). Climate dynamics are influenced by land surface 
changes, such as building cities or changing land use from 
forest to agriculture, by the chemical composition of the 
atmosphere, and by human contributions to the atmosphere 
through land management, energy sources, and industrial 
processes. Constructing a scenario requires describing how 
these forces may develop over time. The goal of working 
with scenarios is to understand uncertainties and alternative 
conditions associated with climate change, thus informing 
decisions or options for a range of possible futures (IPCC 
Data Distribution Center 2016).

Climate scenarios in the last three IPCC assessments 
have been constructed in two ways (table 3.1). In the 
third and fourth IPCC assessments, scenario development 
started with specific assumptions about population growth, 
economic growth, and policies related to alternative energy 
and conventional fossil fuel sources; then the resultant 
greenhouse gas emissions to the atmosphere were projected 
(Solomon et al. 2007). These scenarios were called SRES 
scenarios, named for the report that developed them, the 
Special Report on Emission Scenarios (Nakićenović et al. 
2000). These different combinations of population, eco-
nomic growth, and energy policy resulted in scenarios that 
ranged from low emissions (B1) to high emissions (A1FI), 
with a range of scenarios in between.

For the IPCC Fifth Assessment Report (Stocker et al. 
2013), scenario development focused on radiative forcing 
in the atmosphere. Here the emphasis was on adding dif-
ferent amounts of energy to the climate system over time. 
Scientists reviewed current estimates on radiative forcing, 
the total amount of extra energy entering the climate system 
throughout the 21st century and beyond. They used this 
information to construct a set of scenarios that would bound 
these estimates, from lesser amounts of energy entering 
the climate system to greater amounts of energy. These 

Table 3.1—Scenarios used by climate models in the Special Report on Emission Scenarios (SRES) and representative 
concentration pathway (RCP) scenarios in the Intergovernmental Panel on Climate Change (IPCC) assessment reports.

SRES scenarios RCP scenarios

Definition A plausible representation of the future 
development of emissions of substances that are 
potentially radiatively active (e.g., greenhouse 
gases, aerosols) based on a coherent and 
internally consistent set of assumptions about 
driving forces (such as demographic and 
socioeconomic development, technological 
change) and their key relationships.

Concentration scenarios, derived from emissions 
scenarios, are used as input to a climate model to 
compute climate projections.

Scenarios that include time series of emissions and 
concentrations of the full suite of greenhouse gases 
and aerosols and chemically active gases, as well as 
land use/land cover (Moss et al. 2008).

The word “representative” signifies that each RCP 
provides only one of many possible scenarios 
that would lead to the specific radiative forcing 
characteristics.

The term “pathway” emphasizes that not only the 
long-term concentration levels, but also the trajectory 
taken over time to reach that outcome, are of interest 
(Moss et al. 2010).

Different scenarios Scenario family is a set of scenarios that have a 
similar demographic, societal, economic, and 
technical change storyline. Four scenario families 
compose the SRES scenario set: A1, A2, B1, and 
B2.

RCP 2.6: One pathway where radiative forcing peaks 
at approximately 3 W m-2 before 2100 and then 
declines.

RCP 4.5 and RCP 6.0: Two intermediate stabilization 
pathways in which radiative forcing is stabilized at 
approximately 4.5 W m-2 and 6.0 W m-2 after 2100.

RCP 8.5: One high pathway for which radiative 
forcing reaches greater than 8.5 W m-2 by 2100 and 
continues to rise for some amount of time. 

Use in models Used to drive climate models in CMIP3a Used to drive climate models in CMIP5.

Use in IPCC 
assessments

Houghton et al. (2001), Solomon et al. (2007). Stocker et al. (2013).

a CMIP = Coupled Model Intercomparison Project; versions 3 and 5 are cited here. 
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scenarios are called representative concentration pathways 
(RCPs) (van Vuuren et al. 2011) because these scenarios 
represent one of many possible ways in which population, 
economic growth, and energy policy would lead to the 
specific radiative forcing characteristics. Consequently, the 
scenarios are defined by the amount of energy that is added 
to the atmosphere. For example, RCP 2.6 assumes a total ra-
diative forcing increase of 2.6 Watts per square meter (0.82 
British thermal units per square foot) by 2100, whereas RCP 
8.5 assumes a much larger increase in the radiative forcing 
(8.5 Watts per square meter [2.7 British thermal units per 
square foot]). Intermediate scenarios include RCP 4.5 and 
RCP 6.0.

The RCPs focused on the implications of energy added 
to the atmosphere and consequently were not designed to 
mimic particular SRES scenarios. But because the SRES 
scenarios have been used for many analyses of climate 
change effects on natural resources (Walsh et al. 2014), 
an understanding of how the RCP and the SRES scenarios 
compare is helpful in interpreting past analyses. The com-
parison by Rogelj et al. (2012) considers climate sensitivity 
uncertainty, synthesizes the understanding of climate system 
and carbon cycle behavior, and is constrained by observed 
historical warming. Rogelj et al. (2012) identify analogs 
between RCP 4.5 and SRES B1, RCP 6.0 and SRES B2, and 
RCP 8.5 and SRES A1FI (table 3.2). The SRES A1B has a 
greater range in temperature changes than RCP 6.0, and a 
warmer upper range. Rogelj et al. (2012) note that temporal 
patterns differ between the SRES and RCP scenarios.

Climate Projections for the Region
This report uses scenarios RCP 4.5 and RCP 8.5 to 

explore future climate in the IAP region. These scenarios 
capture a moderate and a high future warming. In addition, 

more GCMs have used these scenarios than RCP 2.6 or RCP 
6.0. The breadth of these scenarios and the availability of a 
larger set of projections enhance our understanding of the 
possible ranges in future climate. The term “climate projec-
tion” is used to describe the results of a climate model when 
forced by a particular scenario.

For an overview of projected future climate in the IAP 
region, we use the most recent climate change projections 
based on RCP 4.5 and RCP 8.5 scenarios (Stocker et al. 
2013). Output from GCMs is at a scale too coarse to repre-
sent climate patterns in subregions and management areas 
relevant for the IAP. Therefore, we drew on climate projec-
tions that had been downscaled using the bias-correction 
and spatial disaggregation (BCSD) method (Maurer et al. 
2007). We used projections from 36 climate models for RCP 
4.5 and 34 climate models for RCP 8.5 (see Appendix 2). 
The variables available for each BCSD climate projection 
include monthly precipitation and monthly surface air tem-
perature for the 1950–2099 period. Spatial resolution of the 
data is 1/8 degree latitude-longitude (about 7 square miles), 
and data cover the entire IAP region. Climate projections 
were archived by CMIP; hereafter climate projections that 
used SRES scenarios are referred to as “CMIP3” and cli-
mate projections that used the RCP scenarios as “CMIP5.”

Historical mean annual temperature and precipitation 
vary across the IAP region (figs. 3.1, 3.2). We use a base 
period of 1979–2009 for the mean historical climate, and 
show mean temperatures and precipitation projected for two 
periods: 2030–2059 and 2070–2099. These time periods 
were selected to summarize climate that has influenced the 
current environmental conditions (base period) and two fu-
ture periods that will be relevant to long-term management 
action (e.g., road construction, management of hydrological 
infrastructure, or vegetation planting). Historical mean 

Table 3.2—Probabilistic estimates of temperature increase above preindustrial levels based on 
representative equilibrium climate sensitivity distribution for six Special Report on Emission 
Scenarios (SRES) market scenarios and four representative concentration pathway (RCP) scenarios 
(Rogelj et al. 2012).

2090–2099 2100

Scenario Median 66% range Median 66% range

---------------------------------------------- oF ---------------------------------------------

SRES B1 4.3 3.6–5.6 4.5 3.6–5.8

SRES A1T 5.2 4.5–6.7 5.4 4.5–6.8

SRES B2 5.2 4.3–6.3 5.4 4.7–6.7

SRES A1B 6.1 5.0–7.6 6.3 5.2–7.9

SRES A2 7.0 5.8–8.6 7.6 6.3–9.4

SRES A1F1 8.5 7.0–10.4 9.0 7.4–11.2

RCP 3-PD (2.6) 2.7 2.3–3.4 2.7 2.3–3.4

RCP 4.5 4.3 3.6–5.2 4.3 3.6–5.4

RCP 6.0 5.2 4.5–6.5 5.4 4.7–6.7

RCP 8.5 8.3 6.8–10.3 8.8 7.2–11.0
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Figure 3.1—(a) Historical (1979–2009) and (b–e) projected (2030–2059 and 2070–2099) mean annual monthly temperature 
(oF) under RCP 4.5 and RCP 8.5 scenarios for the entire Intermountain Adaptation Partnership region. Projected climate is the 
36-model mean for RCP 4.5 and the 34-model mean for RCP 8.5. Spatial resolution of the data is 1/8th degree latitude-longitude.

Figure 3.2—(a) Historical (1979–2009) and (b–e) projected (2030–2059 and 2070–2099) total annual precipitation (inches) under 
RCP 4.5 and RCP 8.5 scenarios for the entire Intermountain Adaptation Partnership region. Projected climate is the 36-model 
mean for RCP 4.5 and the 34-model mean for RCP 8.5. Spatial resolution of the data is 1/8th degree latitude-longitude.
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annual temperatures can vary from nearly 20 oF to 75 oF 
within the IAP region. Historical total annual precipita-
tion ranges from less than 3 inches to above 70 inches. All 
subregions of the IAP are expected to see increases in mean 
annual temperature. Temperatures are projected to increase 
more by the end-of-century period (2070–2099) and under 
the warmer scenario, RCP 8.5. Precipitation changes are less 
consistent; the northern parts of the IAP region may have 
precipitation increases.

Several resource chapters in this report have drawn on 
published literature about the effects of climate change on 
natural resources which used SRES scenarios and CMIP3 
models. The question arises as to the regional differences 
between the CMIP3 projections under SRES scenarios and 
the CMIP5 projections under RCP scenarios. Understanding 
these differences may be helpful in interpreting the different 
projections used across these studies. Here, we compare 
CMIP5 climate projections under RCP 4.5 and RCP 8.5 
scenarios from this study with CMIP3 models under the 
SRES scenario A1B, which has been used in several natural 
resource assessments, including the cold-water fisheries 
analysis in chapter 5.

To identify differences between these two sets of 
scenarios, we compare the projected changes in mean 
temperature with change in total annual precipitation over a 
common period for the IAP region. We obtained 10 CMIP3 
global climate projections for the A1B scenario (moderate 
emissions) from Littell’s group. We estimate the change in 
temperature and percentage change in precipitation between 
the future period (2040–2060) and the historical period 
(1979–2009) for the CMIP3 models that Littell et al. (2011) 
used and the CMIP5 models used in this study. In figure 3.3, 
the projected change in mean annual temperature is shown 
on the horizontal axis, and the percentage change in pre-
cipitation is shown on the vertical axis. Change is described 
as the difference in temperature and percentage change in 
precipitation between historical and projected future values. 
We show all CMIP5 models used in this study. We show 
only the mean (ensemble) of all 10 CMIP3 models and two 
individual models (pcm1 and miroc_3.2), as these projec-
tions from Littell et al. (2011) are used most often.

Across all CMIP5 models, projected change in tempera-
ture by the 2040–2060 period ranges from just under 2 oF 
to nearly 8 oF (fig. 3.3). Generally, the projected change for 
CMIP5 models under the RCP 8.5 scenario (shown in red) is 
greater than the change projected under the RCP 4.5 scenar-
io (shown in yellow), but not always. For example, the RCP 
8.5 projections for models FIO-ESM (number 15 in fig. 3.3) 
and MRI-CGCM3 (number 34 in fig. 3.3) show temperature 
changes that are less than the median changes for all RCP 
4.5 models. The projected change in precipitation ranges 
from a decrease of about 12 percent to an increase of nearly 
30 percent. However, 28 of the 36 projections under RCP 
4.5 and 29 of the 34 projections under RCP 8.5 indicate 
an increase in precipitation. Across the IAP region, mean 
temperatures are projected to warm by 3.5 oF to almost 

5 oF over the next 50 years, with precipitation projected to 
increase slightly, by 5 to 8 percent.

The CMIP3 projections for the A1B scenario are within 
the mean temperature range of the CMIP5 projections (fig. 
3.3). The A1B ensemble projection of a nearly 4 oF increase 
in temperature is similar to the mean increase for the RCP 
4.5 scenario; both of these scenarios are considered moder-
ate in terms of future warming. The two individual model 
projections under the A1B scenario span the temperature 
range of the individual model projections under RCP 4.5. 
For precipitation, the CMIP3 models under the A1B sce-
nario project a slight increase (ensemble) and decreases in 
precipitation (pcm1 and miroc_3.2). We conclude that when 
this set of CMIP3 results are compared with CMIP5 results 
for the IAP region, future temperatures are projected to be 
similar. However, CMIP5 precipitation projections collec-
tively show a greater likelihood of increases in precipitation 
than the CMIP3 projections (fig. 3.3). This slight increase 
in projected precipitation with the CMIP5 models might be 
considered when evaluating the impact of analyses using 
CMIP3 climate projections.

Figure 3.3—For the entire Intermountain Adaptation 
Partnership region, change in mean annual temperature 
(oF) and total annual precipitation (%) from the simulated 
historical climate (1979–2009) and the projected climate 
(2040–2060) using the CMIP5 RCP 4.5 and RCP 8.5 
scenarios and the CMIP3 A1B scenario. Each CMIP5 model 
result is labeled by a number with a key in the legend (e.g., 
29 is MIROC-ESM) in colors to indicate RCP 4.5 (yellow) 
and RCP 8.5 (red) (see table 3.2). The crosses in the middle 
represent the median and 25 to 75 percent of the RCP 4.5 
and the RCP 8.5 projections used in this study. The mean 
values for the CMIP5 changes are shown on the figure as 
colored diamonds. The CMIP3 results are labeled in black 
triangles (see table 3.2 and Littell et al. [2011]).

Chapter 3: Historical and Projected Climate



USDA Forest Service RMRS-GTR-375.  2018 37

Climatic Variability and Change 
in the Subregions

Historical Climate
To understand historical climatic variability and trends 

at the subregional scale in the IAP region, we compared 
three gridded datasets: Parameter-elevation Regressions 
on Independent Slopes Model (PRISM) (PRISM Climate 
Group 2014), Maurer (Maurer et al. 2002), and TopoWx 
(Oyler et al. 2015a). These three datasets used observed 
point measurements of precipitation, temperature, and other 
climatic factors to produce continuous, digital grid estimates 
of monthly, yearly, and event-based climatic parameters. 
Because of differences in the station data used by these grid-
ded products as well as the models and assumptions used 
to interpolate to a grid, these models do not always agree 
on the historical climate or trend for a region. For example, 
in the western mountains, PRISM has been shown to have 
an artificial amplification in warming trend (Oyler et al. 
2015b).

The Middle Rockies subregion encompasses central 
Idaho, an area known as the “Idaho Batholith,” and the 

Salmon River Mountains. Climate is strongly influenced by 
interactions with topography, elevation, and aspect. Westerly 
winds bring in moisture from the Pacific Ocean, but mois-
ture is precipitated over the western blocking mountains. 
Elevations range from 3,000 to 10,000 feet, with the highest 
peaks in the Salmon River Mountains. The deep dissec-
tions of this subregion can be seen in the ridge patterns in 
temperature (fig. 3.1a) and large gradients in precipitation 
(fig. 3.2a).

Climate in the Middle Rockies is characterized by cold 
winters with moderate to heavy snow accumulations at 
higher elevations. Throughout the 1940–2009 period, mean 
minimum temperatures showed a distinct increasing trend 
(fig. 3.4). Mean maximum temperature ranged from 48 to 
54 oF over this period (fig. 3.5). As with other subregions, 
no warming trend is evident across the entire time period. 
In the last 25 years, however, the Middle Rockies maximum 
temperatures showed a slight increasing trend (fig. 3.5); sim-
ilar increasing trends in summer temperatures were noted 
by Isaak et al. (2010) for the Upper Boise River watershed. 
Annual precipitation over the historical period ranged from 
20 inches to greater than 35 inches per year. Precipitation 
patterns were highly variable, with a slight downward trend 
in the last 25 years (fig. 3.6).

Figure 3.4—Annual historical mean monthly minimum temperature from the monthly gridded PRISM, Maurer, and TopoWx 
datasets for 1949–2010 for all six subregions of the Intermountain Adaptation Partnership region. The heavy lines are the  
10-year rolling average from each dataset to show short-term trends.
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Figure 3.5—Annual historical mean monthly maximum temperature from the monthly gridded PRISM, Maurer, 
and TopoWx datasets for 1949–2010 for all six subregions of the Intermountain Adaptation Partnership region. 
The heavy lines are the 10-year rolling average from each dataset to show short-term trends.

Figure 3.6—Historical total annual precipitation from the monthly gridded PRISM and Maurer et al. (2007) 
datasets for 1949–2010 for all six subregions of the Intermountain Adaptation Partnership region. The heavy 
lines are the 10-year rolling average from each dataset to show short-term trends.
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The Southern Greater Yellowstone subregion includes 
Grand Teton National Park, and the Targhee and Bridger-
Teton National Forests. This subregion and the Middle 
Rockies are the coldest subregions (figs. 3.4, 3.5). Mean 
minimum temperatures in the Southern Greater Yellowstone 
subregion showed an increasing trend over the last 50 years 
of the historical period (fig. 3.4). Monahan and Fisichelli 
(2014) reported that recent annual mean temperatures (last 
10-, 20-, or 30-year periods) for Grand Teton National Park 
were higher than 90 percent of the historical temperatures 
over the 1901–2012 period. They also found that recent 
minimum temperatures in the coldest month (last 10-, 20-, 
or 30-year periods) were greater than 95 percent of the his-
torical record. In contrast, maximum temperatures showed 
an increasing trend only during the last 25 years (fig. 3.5).

Climate in the Southern Greater Yellowstone subregion, 
as in the Middle Rockies, is strongly influenced by the 
mountains and interactions among topography, elevation, 
and aspect. Few mountains block the western passage 
of moist air from the Pacific Ocean to the Teton Range; 
consequently, the Teton Range, along with portions of 
southwestern Yellowstone National Park, are among the 
wettest areas in the larger Greater Yellowstone Area. Annual 
precipitation on the west side of the Teton Range can 
exceed 70 inches, with most of this precipitation falling as 
snow. In contrast, precipitation on the east side of the Teton 
Range can be as little as 19 inches (Davey et al. 2006). 
The Southern Greater Yellowstone subregion is the wettest 
in the IAP region (fig. 3.6). No trend is found in annual 
precipitation over the last 50 years although distinct wet and 
dry periods occurred. Davey et al. (2006) describe a 6-year 
drought (1999–2005) as the longest drought in the Grand 
Teton National Park since the Dust Bowl drought of the 
1930s.

Climate in the Uintas and Wasatch Front can be charac-
terized as humid continental, with warm to hot summers, 
cold winters with abundant snowfall, and no distinct dry pe-
riod (Gillies and Ramsey 2009). As with the Middle Rockies 
and the Southern Greater Yellowstone subregions, climate 
in this subregion is strongly influenced by the terrain and 
interactions among topography, elevation, and aspect. The 
Wasatch Range generally runs north to south, and the Uinta 
Mountains extend east and west. These ranges crest above 
10,000 feet, with the highest point of 13,498 feet at Kings 
Peak in the Uinta Mountains. As in most of the subregions, 
minimum temperatures trended upward over the last 50 
years (fig. 3.4). Mean maximum temperatures were between 
about 53 and 57 oF, with no clear trends over the historical 
period (fig. 3.5). Gillies et al. (2012) concluded that during 
the last half-century, the proportion of winter (January–
March) precipitation falling as snow across Utah has 
decreased by 9 percent, the result of a significant increase 
in rainfall combined with a minor decrease in snowfall. 
Although warming temperatures play a role, climate features 
such as circulation patterns also contribute to these changes.

Mean annual precipitation within the Uintas and Wasatch 
Front subregion ranged from 10 inches to more than 40 

inches (fig. 3.6). Over the last 50 years, precipitation 
exhibited no annual trend, although dry or wet periods are 
evident. Morrisette (1988) reported that the 1982–1986 
precipitation reached 134 percent of normal in the Salt 
Lake drainage area, resulting in historically high levels in 
the Great Salt Lake. Using tree-ring analyses, DeRose et al. 
(2015) concluded that 1986 was the fourth wettest year over 
the last 1,200 years in the Bear River watershed. They also 
reported that although the later part of the 20th century was 
the second wettest period (40 years), the first half was the 
fourth driest period in the past 1,200 years. Using tree rings 
to reconstruct streamflow for the Weber River, Bekker et 
al. (2014) reported that the 20th-century instrumental record 
includes the fewest extreme dry years in the 576-year, tree-
ring-based reconstruction. In the Uinta Mountains, severe 
droughts have occurred, on average, two to five times per 
century (MacDonald and Tingstad 2007). Strong decreases 
in winter precipitation characterized the major droughts 
in the Uinta Mountains: the 1930s Dust Bowl event, the 
1976–1977 event, and the 1987–1989 event. These later two 
droughts were related to decreases in eastern Pacific Ocean 
sea surface temperatures (MacDonald and Tingstad 2007). 
Droughts in the Wasatch Range occurred during the 1400s 
and 1500s; even though droughts were fewer in the 1700s 
and 1800s, they had longer duration (Bekker et al. 2014). 
The tree-ring studies consistently emphasize the importance 
of local conditions in understanding climate-vegetation 
relationships (Louderback et al. 2015).

The Plateaus subregion encompasses three ecological 
provinces of the Colorado Plateau. The Uinta Basin is a 
gently rolling plateau that the Green River and its tributar-
ies have eroded into many spectacular canyons (Leydsman 
McGinty and McGinty 2009). In the High Plateaus 
province, north-south trending faults and valleys separate 
individual plateaus, such as the Awapa, Aquarius, and 
Paunsaugunt Plateaus (Leydsman McGinty and McGinty 
2009). The Uinta Basin and the High Plateaus are cooler 
than the Canyonlands province. The Colorado River has 
eroded the Canyonlands into many deep, sheer-walled 
canyons, plateaus, mesas, buttes, and badlands. In addition, 
the La Sal and Abajo Mountains rise above the Colorado 
Plateau in southeastern Utah. Precipitation in this subregion 
ranges from 14 to 35 inches, with the highest precipitation 
in the High Plateaus province.

Minimum temperatures in the Plateaus subregion 
showed an upward trend over the entire historical period 
(fig. 3.4). Mean maximum temperature in the subregion 
ranged between 59 and 65 oF over the last 50 years, show-
ing a slight upward trend after 1980 (fig. 3.5). No trend is 
seen in precipitation over the last 50 years, although higher 
precipitation occurred in the 1980s (fig. 3.6). Tree-ring 
reconstruction of precipitation from 1200–2001 in the Uinta 
Basin indicates significant precipitation variability at inter-
annual to decadal scales, with more severe dry events prior 
to 1900 than after (Gray et al. 2004).

The Great Basin and Semi Desert subregion has great 
climatic diversity (Svejcar et al. 2016). The surrounding 
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mountains, as well as the mountains within, strongly influ-
ence the climate of this subregion. A series of north-south 
mountain ranges within the subregion are interspersed 
among low-elevation basins, resulting in wide local varia-
tions in temperature and precipitation (fig. 3.1). Elevation 
ranges from less than 1,500 feet to more than 10,000 feet. 
Extreme temperatures can range from -15 to 120 oF (WRCC 
2016b,c).

The Great Basin and Semi Desert subregion is the warm-
est of the subregions. For the larger Southwest region in the 
United States, Kunkel et al. (2013) reported an increase in 
mean annual temperature, with greater warming for mini-
mum temperature than maximum temperature, over the last 
115 years. That pattern for minimum and maximum monthly 
temperature was also seen in this subregion; mean minimum 
temperatures ranged from 30 to 38 oF (fig. 3.4) and mean 
maximum temperatures from 60 to 66 oF (fig. 3.5).

The primary source of moisture for the Great Basin and 
Semi Desert subregion is the Pacific Ocean, with seasonal 
monsoonal influences from the Gulf of Mexico. Much of the 
moisture from the Pacific Ocean is lost through orographic 
precipitation as the moisture flows upward and then over the 
bordering Sierra Nevada and Cascade Range. Mean annual 
precipitation varied from less than 8 inches to more than 
15 inches over the last 50 years (fig. 3.6), with wet and dry 
years evident. Annual snowfall ranges from less than 1 inch 
to 124 inches (WRCC 2016b,c).

The Intermountain Semi Desert subregion includes 
two distinct areas: the large valley encompassing the 
Snake River plains in Idaho, and the southwestern area 
in Wyoming (Chapter 2). The long, large valley in Idaho 
gradually rises in elevation from 3,300 feet in the Magic 
Valley, through the Lower Snake River Plain, to the eastern 
end of the Upper Snake River Plain at 5,600 feet (Andretta 
and Geerts 2010). Swan Falls, on the Snake River in Idaho, 
has a mean annual temperature of 55 oF (WRCC 2016a). 
The Central Mountains, where the Boise, Payette, Salmon-
Challis, and Sawtooth National Forests are located, bound 
this valley to the north. To the south and east of this subre-
gion lies the Southern Highlands at elevations from 6,500 to 
8,200 feet, Eastern Highlands, and Upper Snake Highlands 
of Idaho. As with the Great Basin and Semi Desert subre-
gion, topography plays a role in the climate; however, with 
fewer barriers to the west, this area of the subregion receives 
greater moisture (fig. 3.2).

The Wyoming portion of this subregion encompasses the 
Green River Basin, a valley bounded on the northern edges 
by the Gros Ventre Mountains to the west and the Wind 
River Mountains to the east. The nearly 4,000-square-mile 
area is high, dry sagebrush-steppe, basically a desert where 
winter brings wind and cold, and little snow (Ostlind 2011). 
Temperatures are cooler in the Wyoming section than in the 
Idaho valley (fig. 3.1); mean annual temperature for Big 
Piney in the northern part of Green River Basin is 36 oF, 
making for a short growing season. Winter extremes can 
reach -50 oF as cold air settles in the Green River Basin.

Mean minimum temperatures for this subregion showed 
a slight warming trend over the 1949–2010 period (fig. 
3.4). Mean maximum temperatures during this time ranged 
from about 55 to 60 oF, with little trend (fig. 3.5). Hoekema 
and Sridhar (2011) reported regional warming in the Snake 
River Basin, particularly in spring, over the last 35 years. 
This subregion and the Great Basin and Semi Desert are the 
driest subregions. Annual precipitation in the Intermountain 
Semi Desert subregion is generally between 8 and 12 inches 
(fig. 3.6). Precipitation showed no trend over the historical 
period.

Projected Climate
Changes in annual and seasonal temperature and precipi-

tation are summarized by subregion in table 3.3. Trends in 
annual and seasonal temperature and precipitation projec-
tions are shown as figures for each subregion (see box 3.1 
for more information on the format of these subregional 
figures): Middle Rockies (figs. 3.7–3.9), Southern Greater 
Yellowstone (figs. 3.10–3.12), Uintas and Wasatch Front 
(figs. 3.13–3.15), Plateaus (figs. 3.16–3.18), Great Basin 
and Semi Desert (figs. 3.19–3.21), and Intermountain Semi 
Desert (figs. 3.22–3.24).

In the future, all subregions in the IAP are projected 
to see increases in annual and seasonal minimum and 
maximum temperatures, with greater changes under the 
RCP 8.5 scenario by 2100 than under the RCP 4.5 scenario 
(table 3.3). Within each subregion, temperatures vary 
greatly across landscapes, the result of topography and 
aspect. In the Middle Rockies, the projected increase in 
minimum temperature under the RCP 8.5 scenario will 
bring the subregional median temperature above freezing 
(fig. 3.7a); this projected increase suggests that for some 
areas in the IAP region, a biologically meaningful thresh-
old could be crossed. Similar patterns for an increase in 
median minimum temperature above freezing occur in the 
Southern Greater Yellowstone subregion under the RCP 
8.5 scenario only (fig. 3.10), and Uintas and Wasatch Front 
(fig. 3.13), the Plateaus (fig. 3.16), and the Intermountain 
Semi Desert subregions (fig. 3.22) under both scenarios. For 
most subregions, annual precipitation projections are highly 
variable with no discernible trend over time or between 
the two scenarios. However, slight increases in annual pre-
cipitation are projected under the RCP 8.5 scenario for the 
Middle Rockies, the Southern Greater Yellowstone, and the 
Intermountain Semi Desert subregions (figs. 3.7, 3.10, 3.22), 
which lie in the northern part of the IAP region.

Seasonal temperatures across the subregions are pro-
jected to increase and may cross biologically meaningful 
thresholds in particular seasons (table 3.3). Minimum 
seasonal temperatures are projected to rise in all seasons 
across all subregions under both the RCP 4.5 and RCP 
8.5 scenarios (figs. 3.8, 3.11, 3.14, 3.17, 3.20, 3.23). 
Maximum seasonal temperatures are also projected to rise 
in all seasons under both RCP 4.5 and RCP 8.5 across all 
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Table 3.3—Summary of projected changes in annual and seasonal temperature, and precipitation for each Intermountain 
Adaptation Partnership subregion.

Subregion Temperature Precipitation Seasonality

Middle Rockies By 2100, median maximum 
temperature is projected to rise 
about 6 °F under RCP 4.5 and 
about 10 °F under RCP 8.5; 
the two ensemble projections 
begin to diverge after 2045.

Median minimum temperature 
is projected to rise about 5 °F 
under RCP 4.5 and about 10 °F 
under RCP 8.5.

Annual precipitation 
projections are highly 
variable with no discernible 
trend under RCP 4.5 and 
a slight increasing trend 
under RCP 8.5.

Maximum temperatures are projected to 
increase by 5 to 10 °F across the seasons. 
The greatest departure from historical 
seasonal minimum temperatures occurs 
in summer. Over the historical period, 
summer minimum temperatures ranged 
around the mid- to upper 30s. By 2040, 
the projected median is 40 °F and rises to 
nearly 50 °F under the RCP 8.5 scenario 
by 2100 (fig. 3.9). By 2100, the median 
projections for spring, summer, and fall 
under the RCP 8.5 scenario are outside of 
historical ranges.

Southern Greater 
Yellowstone

By 2100, median maximum 
temperature is projected to rise 
about 5 °F under RCP 4.5 and 
about 11 °F under RCP 8.5; 
projections for the two RCPs 
begin to diverge around 2040.

By 2100, median minimum 
temperature is projected to 
increase about 6 °F under RCP 
4.5 and about 12 °F under 
RCP 8.5. Median minimum 
temperatures are projected to 
remain below freezing under 
RCP 4.5. However, minimum 
temperatures are likely to rise 
to just under freezing by 2100 
under RCP 8.5.

Annual precipitation 
projections are highly 
variable with no discernible 
trend under RCP 4.5 and 
a slight increasing trend 
under RCP 8.5.

Maximum temperature is projected 
to increase in all seasons, with winter 
temperatures rising about 3 °F and all 
other seasons rising about 5 °F under 
RCP 4.5 by the end of the 21st century. 
Under the warmest scenario, seasonal 
temperatures increase about 10 °F in 
winter, spring, and fall, but by more than 
12 °F in summer by the end of the 21st 
century. Median minimum temperatures 
for all seasons by the 2080s are projected 
to be outside of historical ranges in the 
warmest scenario. Median minimum 
spring and fall temperatures are projected 
to increase, such that some projections 
rise above freezing by the end of the 21st 
century under the RCP 8.5 scenario.

Uintas and 
Wasatch Front

By 2100, median maximum 
temperature is projected to 
rise about 5 °F under RCP 4.5 
and about 11 °F under RCP 
8.5. Projections for the two 
scenarios begin to diverge 
around 2040. By 2100, median 
minimum temperature is 
projected to rise about 5 °F 
under RCP 4.5 and about 12 
°F under RCP 8.5. Median 
minimum temperatures are 
projected to rise above freezing 
in both scenarios (by 2050 
under RCP 8.5 and by 2075 
under RCP 4.5). 

Annual precipitation 
projections are highly 
variable with no discernible 
trends. 

Maximum temperatures are projected 
to increase in all seasons, with winter 
temperatures rising about 4 °F and all 
other seasons rising about 6 °F under 
RCP 4.5 by the end of the 21st century. 
Maximum median temperatures by the 
2080s are outside of the historical range 
of values for all seasons in the warmest 
scenario. Median minimum spring and fall 
temperatures are projected to rise above 
freezing by the 2080s in both scenarios. 
The greatest departure from historical 
seasonal minimum temperatures occurs in 
summer.
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subregions (figs. 3.9, 3.12, 3.15, 3.18, 3.21, 3.24). Thus, the 
frequency of days with extreme heat in summer is likely to 
increase. Winter precipitation is an important reservoir for 
mountain and surrounding lower elevation communities. 
Few subregional or site-specific projections for snowpack 
have been made for the IAP region. For the Wasatch Range 
and Uinta Mountains, Klos et al. (2014) used only RCP 
8.5 and 20 climate models (similar to the projections used 
in this chapter), and they report that these ranges will have 

fall-through-spring temperatures such that wintertime pre-
cipitation will begin to shift from strongly snow dominated 
to a mixed rain-snow regime by the mid-21st century. The 
shoulder months of November and March will shift to rain, 
with December through February retaining a snow-dominat-
ed system longer. For additional discussion of snowpack and 
climate change, see Chapter 4. Also see Rice et al. (2017) 
for a review of climate change literature for the Uintas and 
Wasatch Front area.

Subregion Temperature Precipitation Seasonality

Plateaus By 2100, median maximum 
temperature is projected to rise 
about 5 °F under RCP 4.5 and 
about 10 °F under RCP 8.5. 
By 2100, median minimum 
temperature is projected to rise 
about 5 °F under RCP 4.5 and 
about 12 °F under RCP 8.5; 
the two ensemble projections 
begin to diverge after 2050. 
By 2050, median minimum 
temperature is projected to 
rise above freezing in both 
scenarios. 

Precipitation projections 
are highly variable with 
no discernible trend over 
time or between the two 
scenarios.

Maximum temperature is projected to 
increase in all seasons by about 5 °F 
under RCP 4.5 and by about 10 °F under 
RCP 8.5 by the end of the 21st century. 
The greatest departure from historical 
temperatures by 2100 is projected 
to occur in summer, where median 
temperatures rise above 95 °F under 
the RCP 8.5 scenario. Projected median 
maximum temperatures for winter, spring 
and autumn are also outside of historical 
ranges by end of the 21st century. The 
greatest departure from historical seasonal 
minimum temperatures is projected to 
occur in summer. Minimum temperatures 
in summer are projected to rise about 6 
°F by 2100 under RCP 4.5 and over 10 
°F under RCP 8.5, with the variation well 
outside of the historical ranges.

Great Basin and 
Semi Desert

By 2100, median maximum 
temperature is projected to 
rise about 5 °F under the RCP 
4.5 scenario and about 10 °F 
under the RCP 8.5 scenario. 
Historically median minimum 
temperature has ranged around 
freezing; in the near future, 
it is projected to rise above 
freezing, and by end of century, 
is projected to increase by 6 
to 10 °F. The two ensemble 
projections begin to diverge 
after 2050. 

Precipitation projections 
are highly variable with 
no discernible trend over 
time or between the two 
scenarios.

Maximum temperature is projected to 
increase by 5 °F in winter and spring 
under the RCP 4.5 scenario and by 10 
°F under the RCP 8.5 scenario by the 
end of the 21st century. Summer and fall 
temperatures are projected to increase by 
12 °F by the end of the 21st century under 
the RCP 8.5 scenario. Median minimum 
spring temperatures rise above freezing 
for both scenarios by 2100 and for the 
RCP 8.5 scenario, temperatures approach 
40 °F. Median minimum and maximum 
projections for the both scenarios in 
all seasons by 2100 are outside of the 
historical range. 

Intermountain 
Semi Desert

By the mid-21st century, 
median maximum temperature 
is projected to rise about 5 °F 
under RCP 4.5 and about 10 °F 
under the RCP 8.5.

Median minimum temperature 
is projected to rise about 5 °F 
under RCP 4.5 and about 11 
°F under RCP 8.5. By 2100, 
the projected changes for 
minimum temperature rise 
above freezing. 

The highly variable 
precipitation projections 
show no discernible trend 
over time under the RCP 
4.5 and suggest a slight 
increase under the RCP 8.5 
scenario. 

Maximum temperature increases in all 
seasons to the end of the 21st century 
in both climate scenarios. The greatest 
departure from historical temperatures 
by 2100 occurs in summer under RCP 
8.5, when projected mean temperatures 
approach 95 °F, nearly 15 °F above 
historical temperature. Median minimum 
seasonal temperatures are projected to 
rise in all seasons. Median minimum and 
maximum values for all seasons under 
the RCP 8.5 scenario are outside of the 
historical ranges by 2100.

Table 3.3—Continued.
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Box 3.1—Template for Projected Climate Change Figures

For each of the six subregions, a common template for figures has been used to describe the projected climate. 
The first figure for each subregion (figs. 3.7, 3.10, 3.13, 3.16, 3.19, 3.22) shows the historical simulations and 
projections for annual daily minimum and maximum mean temperatures (oF), and total annual precipitation (inches) 
under the RCP 4.5 and RCP 8.5 scenarios based on the CMIP5 BCSD data. These figures show the historical climate 
simulations by the CMIP5 models, which reflect the pre-2010 climate forcings. These historical simulations are bias 
corrected and downscaled in the same manner as model future projections. In these figures, we overlaid the gridded 
historical observation data (blue line) from Maurer et al. (2002). In most regions, the historical simulated minimum 
and maximum temperatures and annual precipitation are less variable than the historical observed gridded climate. 
The future projections are shown in colors: red for RCP 8.5 and yellow for RCP 4.5. The ensemble median from all 
20 models for each scenario is shown in the heavy line; the 5th- and 95th-percent quantiles for all models are shown 
by the shaded area. Typically, climate projections under the higher emissions scenario (RCP 8.5) will indicate a 
higher temperature by 2100 than climate projections under the RCP 4.5 scenario.

The second figure for each subregion (figs. 3.8, 3.11, 3.14, 3.17, 3.20, 3.23) shows the seasonal daily minimum 
temperature (oF) for the historical and projected period 1950–2100. Winter is defined as the months of December, 
January, and February. Spring is defined as March, April, and May; summer as June, July, and August; and fall 
as September, October, and November. We use box plots here, where each box is an aggregation of 20 years of 
modeled historical or projected seasonal data. For example, the box labeled “1960” represents the seasonal average 
of 1950 to 1969. We used the 20-year period here to explore the temporal changes over this century. The modeled 
historical boxes are gray, and boxes for projections use the same colors as in other figures: yellow for RCP 4.5 and 
red for RCP 8.5. The central line in each box is the median, indicating the same number of modeled historical or 
projections above and below this line. The hinges or edges of the boxes are the first and third quartiles. Whiskers 
extend past the first and third quartile by 1.5 times the interquartile range. 

The third figure for each subregion (figs. 3.9, 3.12 3.15, 3.18, 3.21, 3.24) shows the seasonal daily maximum 
temperature (oF) for the historical and projected period. These figures are set up in the same way as the second 
figures. There is large variability and no discernible trend in the seasonal precipitation projections, and hence, less 
confidence overall in the finer scale precipitation projections; these figures are not shown here.

Summary and Conclusions
For this overview, the projected climate was derived from 

climate models in the CMIP5 database, which was used in 
the most recent IPCC reports. We quantified changes in tem-
perature and precipitation by the 2040 period (2030–2059) 
and 2080 period (2070–2099). Over the next 100 years, 
annual minimum and maximum temperatures are projected 
to rise by as much as 10 °F in the IAP region. Projections 
for annual precipitation are highly variable. For most 
subregions in the IAP area, precipitation remains variable; 
slight increases in total annual precipitation are projected 
for the Middle Rockies, Southern Greater Yellowstone, 
and Intermountain Semi Desert subregions under the RCP 
8.5 scenario. As with annual temperature, winter, spring, 
summer, and fall temperatures are projected to increase, 
with summer temperatures showing the greatest increases 
in several subregions. For many subregions, the seasonal 
temperatures by end of century are outside of the historical 
observed ranges. Many of the resource chapters draw from 
existing scientific literature that used climate projections 
from the 2007 IPCC reports (the CMIP3 database). In 
mid-century (2040–2060), CMIP3 and CMIP5 temperature 
projections are similar. However, CMIP5 precipitation pro-
jections appear to be slightly wetter than those in CMIP3.
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Figure 3.7—Historical modeled and projected annual mean monthly minimum temperature, 
annual mean monthly maximum temperature, and total annual precipitation for 1950–2100 
under RCP 4.5 and RCP 8.5 emissions scenarios based on CMIP5 data for the Middle Rockies 
subregion of the Intermountain Adaptation Partnership region. Historical annual data from the 
gridded Maurer et al. (2007) dataset are also shown. See box 3.1 for further explanation. 
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Figure 3.9—Historical 
modeled and 
projected seasonal 
mean monthly 
maximum 
temperature for 
1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios 
for the Middle 
Rockies subregion 
of the Intermountain 
Adaptation 
Partnership region. 
See box 3.1 for 
further explanation.

Figure 3.8—Historical 
modeled and 
projected seasonal 
mean monthly 
minimum 
temperature for 
1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios 
for the Middle 
Rockies subregion 
of the Intermountain 
Adaptation 
Partnership region. 
See box 3.1 for 
further explanation.
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Figure 3.10—Historical modeled and projected annual mean monthly minimum temperature, annual 
mean monthly maximum temperature, and total annual precipitation for 1950–2100 under RCP 4.5 
and RCP 8.5 emissions scenarios based on CMIP5 data for the Southern Greater Yellowstone subregion 
of the Intermountain Adaptation Partnership region. Historical annual data from the gridded Maurer et 
al. (2007) dataset are also shown. See box 3.1 for further explanation.
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Figure 3.11— Historical 
modeled and projected 
seasonal mean monthly 
minimum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios for 
the Southern Greater 
Yellowstone subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Figure 3.12—Historical 
modeled and projected 
seasonal mean monthly 
maximum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios for 
the Southern Greater 
Yellowstone subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Figure 3.13—Historical modeled and projected annual mean monthly minimum temperature, annual 
mean monthly maximum temperature, and total annual precipitation for 1950–2100 under RCP 4.5 and 
RCP 8.5 emissions scenarios based on CMIP5 data for the Uintas and Wasatch Front subregion of the 
Intermountain Adaptation Partnership region. Historical annual data from the gridded Maurer et al. (2007) 
dataset are also shown. See box 3.1 for further explanation.
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Figure 3.14— Historical 
modeled and projected 
seasonal mean 
monthly minimum 
temperature for 1950–
2100 under RCP 4.5 
and RCP 8.5 emissions 
scenarios for the 
Uintas and Wasatch 
Front subregion of 
the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.

Figure 3.15— Historical 
modeled and projected 
seasonal mean 
monthly maximum 
temperature for 1950–
2100 under RCP 4.5 
and RCP 8.5 emissions 
scenarios for the 
Uintas and Wasatch 
Front subregion of 
the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Figure 3.16—Historical modeled and projected annual mean monthly maximum temperature, annual 
mean monthly minimum temperature, and total annual precipitation for 1950–2100 under RCP 
4.5 and RCP 8.5 emissions scenarios based on CMIP5 data for the Plateaus subregion of the 
Intermountain Adaptation Partnership region. Historical annual data from the gridded Maurer et al. 
(2007) dataset are also shown. See box 3.1 for further explanation.
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Figure 3.18— Historical 
modeled and projected 
seasonal mean 
monthly maximum 
temperature for 1950– 
2100 under RCP 4.5 
and RCP 8.5 emissions 
scenarios for the 
Plateaus subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.

Figure 3.17— Historical 
modeled and projected 
seasonal mean monthly 
minimum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios for 
the Plateaus subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Figure 3.19—Historical modeled and projected annual mean monthly minimum temperature, annual 
mean monthly maximum temperature, and total annual precipitation for 1950–2100 under RCP 
4.5 and RCP 8.5 emissions scenarios based on CMIP5 data for the Great Basin and Semi Desert 
subregion of the Intermountain Adaptation Partnership region. Historical annual data from the 
gridded Maurer et al. (2007) dataset are also shown. See box 3.1 for further explanation.
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Figure 3.20—Historical 
modeled and projected 
seasonal mean monthly 
minimum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios for 
the Great Basin and 
Semi Desert region 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.

Figure 3.21—Historical 
modeled and projected 
seasonal mean monthly 
maximum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios for 
the Great Basin and 
Semi Desert subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Figure 3.22—Historical modeled and projected annual mean monthly minimum temperature, annual 
mean monthly maximum temperature, and total annual precipitation for 1950–2100 under RCP 4.5 
and RCP 8.5 emissions scenarios based on CMIP5 data for the Intermountain Semi Desert subregion of 
the Intermountain Adaptation Partnership region. Historical annual data from the gridded Maurer et al. 
(2007) dataset are also shown. See box 3.1 for further explanation.
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Figure 3.23—Historical 
modeled and projected 
seasonal mean monthly 
minimum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios 
for the Intermountain 
Semi Desert subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.

Figure 3.24— Historical 
modeled and projected 
seasonal mean monthly 
maximum temperature 
for 1950–2100 under 
RCP 4.5 and RCP 8.5 
emissions scenarios 
for the Intermountain 
Semi Desert subregion 
of the Intermountain 
Adaptation Partnership 
region. See box 3.1 for 
further explanation.
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Appendix 2—Models Included in the Climate Analysis for 
the Intermountain Adaptation Partnership Region

Following are the climate models we used in the Intermountain Adaptation Partnership Region climate analysis, and 
the institutions that developed them. CMIP5 climate projections for RCP 4.5 and RCP 8.5 scenarios were obtained for 
these models using the downscaled CMIP3 and CMIP5 climate and hydrology projections archive at: http://gdo-dcp.ucllnl.
org/downscaled_cmip_projections. The first model run was selected for this analysis. Model runs were available for both 
RCP 4.5 and RCP 8.5 scenarios, except for the NASA Goddard Institute for Space Studies models GISS-E2-H-CC and 
GISS-E2-R-CC.

Institution Climate model

Commonwealth Scientific and Industrial Research Organization and Bureau of 
Meteorology, Australia

ACCESS1-0

ACCESS1-3

Beijing Climate Center, China Meteorological Administration bcc-csm1-1

Beijing Climate Center, China Meteorological Administration bcc-csm1-1-m

Canadian Centre for Climate Modelling and Analysis CanESM2

National Center for Atmospheric Research CCSM4

Community Earth System Model Contributors CESM1-BGC

CESM1-CAM5

Centro Euro-Mediterraneo per i Cambiamenti Climatici CMCC-CM

Centre National de Recherches Météorologiques/Centre Européen de Recherche et 
Formation Avancée en Calcul Scientifique

CNRM-CM5

Commonwealth Scientific and Industrial Research Organization, Queensland Climate 
Change Centre of Excellence

CSIRO-Mk3-6-0

 EC-EARTH consortium EC-EARTH

Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid 
Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, and Center for 
Earth System Science, Tsinghua University

FGOALS-g2

Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid 
Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, and Center for 
Earth System Science, Tsinghua University

FGOALS-s2

The First Institute of Oceanography, State Oceanic Administration, China FIO-ESM

NOAA Geophysical Fluid Dynamics Laboratory GFDL-CM3

GFDL-ESM2G

GFDL-ESM2M

NASA Goddard Institute for Space Studies GISS-E2-H-CC

GISS-E2-R

GISS-E2-R-CC

Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto 
Nacional de Pesquisas Espaciais)

HADGEM2-AO

Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto 
Nacional de Pesquisas Espaciais)

HADGEM2-CC

Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto 
Nacional de Pesquisas Espaciais)

HADGEM2-ES
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Institute for Numerical Mathematics INM-CM4

Institut Pierre-Simon Laplace IPSL-CM5A-LR

IPSL-CM5A-MR

IPSL-CM5B-LR

Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research 
Institute (The University of Tokyo), and National Institute for Environmental Studies

MIROC-ESM

MIROC-ESM-CHEM

Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for 
Environmental Studies, and Japan Agency for Marine-Earth Science and Technology

MIROC5

Max Planck Institute for Meteorology (MPI-M) MPI-ESM-LR

Max Planck Institute for Meteorology (MPI-M) MPI-ESM-MR

Meteorological Research Institute MRI-CGCM3

Norwegian Climate Centre NorESM1-M

Norwegian Climate Centre MorESM1-ME
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Introduction
Water is critical to life, and many of the effects of climate 

change on ecosystems are mediated through altered hydrol-
ogy. Snow accumulation and melt are consistently cited as 
the most important changes to water in the western United 
States (Barnett et al. 2005; Service 2004), affecting when 
water will be available for forests, fish, and people. Changes 
in summer atmospheric circulation patterns may alter the 
ability of summer precipitation to provide a midsummer 
respite from seasonal drought and dampening of wildfire 
spread (IPCC 2013) (Chapter 8). Declining summer water 
contributions will challenge municipal and agricultural 
water supplies (Barnett and Pierce 2009; Dawadi and 
Ahmad 2012). Aquatic and terrestrial ecosystems—includ-
ing riparian areas, wetlands, and groundwater-dependent 
ecosystems—will be affected by lower base flows (Kormos 
et al. 2016; Rood et al. 2008), earlier snowmelt (Luce et al. 
2014), increased periods of drought (Cayan et al. 2009), 
increased sediment delivery (Goode et al. 2012), and higher 
midwinter floods (Goode et al. 2013). Soils will likewise 
be affected by increased temperatures and shifts in precipita-
tion and hydrological processes, with effects on physical 
and biological processes and attributes of soils.

This chapter describes potential changes to hydrological 
processes, groundwater resources, and soil attributes and 
processes in the Intermountain Adaptation Partnership (IAP) 
region with a changing climate. We specifically discuss 
potential changes in snowpack and glaciers, streamflow, 
drought, sediment yield, and groundwater recharge, and 
in soil temperature, moisture, carbon, nitrogen, biological 
activity, and chemical properties. The Soil Resources section 
concludes with an example vulnerability assessment method 
and application.

Hydrological Processes

Climate and Hydrological Processes
Warming temperatures are the most certain consequence 

of increased carbon dioxide in the atmosphere. The hydro-
logical consequences of warmer temperatures include less 
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snowpack and greater evaporative demand from the atmo-
sphere. In general, snowpack depth, extent, and duration 
are expected to decrease, particularly at lower and middle 
elevations, because of a combination of less precipitation 
falling as snow (Pierce et al. 2008) and slightly earlier melt 
(Luce et al. 2014). The degree of change expected as a 
result of warming varies considerably over the landscape 
as a function of temperature (Luce et al. 2014). Places that 
are warm (near the melting point of snow) are expected to 
be more sensitive than places where temperatures remain 
subfreezing throughout much of the winter despite warming 
(Woods 2009).

The relationship of evapotranspiration (ET) to a warming 
climate is more complicated (Roderick et al. 2014). Warmer 
air can hold more water, which means that even if relative 
humidity stays constant, vapor pressure deficit—the dif-
ference between actual water content of the air and water 
content at saturation—increases. That difference between 
actual and saturation drives a water vapor gradient between 
leaves and the atmosphere that can draw more moisture out 
of the leaves. This is likely to cause more evaporation in a 
warmer climate (Cook et al. 2014; Dai 2013).

However, evaporation is an energy-intensive process, and 
there is only so much additional energy that will be avail-
able for evaporation. In addition, one needs to consider both 
the water balance and the energy balance when considering 
future warming (Roderick et al. 2015). The observation 
that temperatures are warmer during drought is related 
more generally to the lack of water to evaporate, leading to 
warmer temperatures, than to warmer temperatures causing 
faster evaporation (Yin et al. 2014). Unfortunately, when 
potential ET models based on air temperature (including 
Penman-Monteith) are applied as postprocessing to global 
climate model (GCM) calculations, an overestimate of in-
creased ET is likely, because the energy balance is no longer 
tracked (Milly 1992; Milly and Dunne 2011). The reality is 
that most of the increased energy from increased longwave 
radiation will result in warming rather than increased evapo-
ration (Roderick et al. 2015).

Precipitation has a direct effect on hydrological pro-
cesses, although precipitation is less commonly discussed 
because climate change projections are uncertain (Blöschl 
and Montanari 2010; IPCC 2013). Figure 4.1 helps to il-
lustrate how the IAP region is located in an area of high 
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uncertainty in regard to precipitation projections, slightly 
overlapping with projected increases to the north and 
drying to the south (Walsh et al. 2014). The bounds of 
uncertainty (-20 to +30 percent) are large, making it dif-
ficult to accurately project the effects of precipitation on 
many hydrological processes (e.g., floods, hydrological 
drought, snow accumulation, groundwater recharge). As 
a consequence, we use an ensemble average precipitation 
for streamflow projections here. In this assessment, we 
also discuss uncertainty surrounding the mean estimate to 
illustrate which processes or hydrological outcomes are 
most uncertain and where. Not all processes are sensitive 
to precipitation, and uncertainty in outcomes caused by 
uncertainty in precipitation is not the same everywhere for a 
given process.

Background information can help to clarify where and 
when some precipitation estimates may be more reliable 
than others. Two primary concepts are applied for precipita-
tion change: dynamic (referring to changes in wind and 
atmospheric circulation) and thermodynamic (referring 
to how much water the air can hold) (Seager et al. 2010). 
Dynamic drivers of precipitation change include changes in 
global circulation patterns (e.g., the Hadley cell extent) and 
changes in mid-latitude storm tracks. Changes in telecon-
nection patterns (e.g., the North American Monsoon System 
[NAMS]) fall into this category and are very important for 
this region. Thermodynamic changes reflect the fact that the 
atmosphere can hold more water (Held and Soden 2006), 
leading to an expectation on the order of a 3.9 percent in-
crease in precipitation per 1 °F of temperature change. There 
are, however, other physical limits on the disposition of 
energy driving the cycling of water in the atmosphere. These 
lead to estimates on the order of less than 1 percent per 1 °F 
of temperature change at the global scale, with individual 
grid cells being less or potentially negative, particularly over 
land (Roderick et al. 2014). Different approaches to scaling 
the thermodynamic contribution are a reason for differences 
among models, although the dynamic process modeling dif-
ferences can be great as well.

One outcome of thermodynamically driven changes is 
that when precipitation occurs, the same total volume is 
expected to fall with greater intensity, leading to shorter 
events and longer dry periods between events. The number 
of consecutive dry days is projected to increase across the 
western United States, which will affect portions of the IAP 
region (fig. 4.1). In the Pacific Northwest, this projection 
is connected to an expected decrease in summer precipita-
tion, but for the Southwest, it is more likely connected to a 
decrease in monsoonal moisture during the late spring (fig. 
4.2). In general, the NAMS is expected to weaken (IPCC 
2013), particularly in the early portion of the monsoon sea-
son (Cook and Seager 2013), which could have substantial 
effects across the southern portion of the IAP region. Late 
spring and early summer precipitation contributions can be 
an important determinant of the severity of summer drought 
and length of fire seasons (Abatzoglou and Kolden 2013). 
Pairing longer periods of precipitation deficit in summer 

with decreasing snowpack may be particularly challenging 
for vegetation and aquatic ecosystems.

Changes in orographic enhancement of precipitation over 
mountainous areas also have dynamic effects. Historical 
changes in westerly windflows have led to a decrease in 
the enhancement of winter precipitation by orographic 
lifting over mountain ranges (Luce et al. 2013), raising the 
question of whether such a pattern may continue into the 
future. There is general agreement among GCMs projecting 
further decreases in windspeed into the 21st century, but 
the correlation is applicable only to the northern portion 
of the IAP region. Westerly winds are strongly correlated 
with precipitation in mountainous areas (fig. 4.3), but valley 
precipitation is not, nor is precipitation in much of southern 
Idaho. The historical trend in westerlies was driven by pres-
sure and temperature changes spatially consistent with those 
expected under a changing climate; however, the rapidity 
of the changes in the last 60 years may have been partly 
enhanced by normal climatic variability.

Dynamic downscaling using a regional climate model 
(RCM) with small (~8 mile) cells provides a means to 
estimate orographically induced precipitation, which cannot 
be simulated with the large cell size of GCMs. Although the 
GCM shows general moistening over most of the area, the 
RCM shows a pattern of drying or no change on the upwind 
side of major mountain ranges, with moistening limited to 
valleys in the lee. Because mountainous areas are where 
most of the precipitation falls (and streamflow originates), 
this is a potentially important aspect of future changes. The 
Variable Infiltration Capacity (VIC) model simulations 

Figure 4.1—Projected change in the number of consecutive 
dry days for 2071–2099 (compared to 1970–1999) for the 
RCP8.5 emissions scenario (from Walsh et al. [2014]).
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variation will also differ from the northern to southern 
portions of the region. Fundamentally, topography is an 
important factor affecting seasonality, precipitation amount, 
and potential trends. Because most forests and generation 
of water supply are generally in mountainous areas, it is 
important to recognize how topography affects climate. 
Specific hydrological outcomes of interest are discussed in 
the following sections.

discussed later in this chapter do not include this effect, so 
for purposes of general discussion, it can be considered an 
additional source of uncertainty for precipitation.

The range of potential changes to climate is complex, 
particularly for such a varied landscape as the IAP region 
(fig. 4.2), and current climatological settings vary over 
the landscape at both large and small spatial scales. 
Precipitation seasonality and amount differ between moun-
tain and valley locations. Trends and drivers for climatic 

Figure 4.2—Projected change in seasonal precipitation for 2071–2099 (compared to 1970–1999) under the 
RCP 8.5 emissions scenario (Walsh et al. 2014). Hatched lines indicate model agreement and nonhatched 
areas have the highest uncertainty. The Intermountain Adaptation Partnership region sits in an area of high 
uncertainty, between projected moistening to the north and drying to the south.
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Snowpack and Glaciers
Snowpack

Snowpack declines are among the most widely cited 
changes occurring with climate change, through the effect of 
warmer temperatures on the fraction of precipitation falling 
as snow (Barnett et al. 2008). About 70 percent of the water 
supply in the western United States is tied to mountain 
snowpacks (Service 2004), so changes in snowpack are 
highly relevant to municipal and agricultural water supplies 
and timing (Stewart et al. 2005).

Historical trends in snowpack accumulation have been 
negative across most of the western United States (Mote et 
al. 2005; Regonda et al. 2005). However, care must be taken 
when looking at individual sites, which can be influenced 
by site-specific effects such as vegetation changes, physical 
site changes, sensor changes, and measurement technique 
(Clayton and Julander 2015). Temperature sensitivity of 
the snowpack is highest in places that are already relatively 
warm (warm snowpacks), and warm snowpacks with high 
precipitation are likely to undergo some of the largest 
changes in snow storage as the climate warms (Luce et al. 
2014; Nolin and Daly 2006).

The most sensitive locations within the IAP region in-
clude the eastern Sierra Nevada and mid- to lower-elevation 
sites across Idaho, Utah, and Nevada (figs. 4.4–4.7). In 
contrast, many interior portions of the IAP region are cold 
enough to be relatively insensitive to warming and strongly 
sensitive to precipitation variation (Luce et al. 2014; Mote 
2006). At the coldest and highest elevations, in the Uinta, 
Teton, Wind River, and some central Idaho ranges, for 
instance, there could be increases in snow water equivalent 
(SWE) if precipitation increases (Rice et al. 2017). Despite 
warming temperatures, a large proportion of precipitation 
would still fall as snow in these areas. This means that 

the future of snow, and consequently hydrology in these 
regions, depends on one of the more uncertain parts of GCM 
projections: the precipitation.

Precipitation uncertainty can be substantial, but it does 
not translate into equal uncertainty in snowpack changes 
everywhere (fig. 4.8). We estimated sensitivity of April 1 
SWE using data from 524 snowpack telemetry (SNOTEL) 
stations across the western United States in a space-for-time 
model (Luce et al. 2014). This allowed us to determine 
where in the western United States snowpack was more 
sensitive to variability in precipitation or variability in 
temperature. We computed an index of uncertainty as the 
ratio (Ru) of the effects on snow (ΔS) from the likely range 
of precipitation values (about ±7.5 percent for 1 standard 
deviation across models) in the numerator, to ΔS from the 
relatively certain temperature change in the denominator:

Ru = 
ΔS across precipitation uncertainty (+7.5%)

ΔS expected from warming

We found strong certainty of large changes in April 
1 SWE for the Cascade Range, Sierra Nevada, and the 
Southwest (Ru < 0.2). But we found substantial uncertainty 
(Ru > 0.6) in outcomes for interior locations such as the 
Greater Yellowstone Area and higher elevations in Idaho 
and Utah, where cold temperatures leave the snowpack 
more sensitive to precipitation than to temperature changes 
(fig. 4.8). The uncertainty ratio in these colder areas sug-
gests that relatively large increases in precipitation could 
help counter the effects of warming on snowpack loss. 
These results are similar to those seen using a physically 
based model across the western United States (Gergel et al. 
2017).

Figure 4.3—Correlation 
of winter precipitation 
to winter westerly 
windspeed across the 
Pacific Northwest, 
showing snowpack 
telemetry (SNOTEL) 
and Historical Climate 
Network (HCN) 
stations (from Luce et 
al. [2013]).
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Figure 4.4—Estimated April 1 snow water equivalent (SWE) 
sensitivity (percentage change) for a 5.5-°F increase in 
winter average temperature at each snowpack telemetry 
station (modified from Luce et al. [2014]).

Figure 4.5—Estimated April 1 snow water equivalent (SWE) 
sensitivity (absolute change in inches) for a 5.5-°F increase 
in winter average temperature at each snowpack telemetry 
station (modified from Luce et al. [2014]).

Figure 4.6—Estimated mean snow residence time sensitivity 
(percentage change) for a 5.5-°F increase in winter average 
temperature at each snowpack telemetry station (modified 
from Luce et al. [2014]).

Figure 4.7—Estimated mean snow residence time sensitivity 
(absolute change in days), for a 5.5-°F increase in winter 
average temperature at each snowpack telemetry station 
(modified from Luce et al. [2014]).
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Glaciers
Glaciers are limited throughout the IAP region but do oc-

cur in central Idaho, in western Wyoming, and in an isolated 
location at Wheeler Peak in Great Basin National Park (see 
maps at Portland State University 2009). Declines in the ex-
tent of glaciers in the Wind River Range have been observed 
over the 20th century (Marston et al. 1991).

Estimating future changes in glaciers is complex (Hall 
and Fagre 2003), but empirical relationships derived for 
glaciers indicate a brief future for them, with many gla-
ciers becoming fragmented or disappearing by the 2030s. 
Increasing temperatures yield a rising equilibrium line 
altitude (ELA), decreasing the effective contributing area for 
each glacier as warming progresses. Warming of 5.5 °F can 
translate to an elevation rise of 1,000 to 1,600 feet in snow-
rain partitioning and summer temperatures. Those changes 
do not directly equate to a shift in ELA, which depends on 
the geometry and topography of the contributing cirque.

Temperate alpine glaciers are well known for being as, 
or more, sensitive to precipitation variations as they are 
to temperature variations (McCabe and Fountain 1995), 
which has very likely contributed to changes in glacial 
dynamics across the Pacific Northwest. Westerlies and their 

contribution to winter precipitation have changed over 
the northern part of the region since the 1940s (Luce et al. 
2013), and April 1 SWE at these elevations and latitudes 
is relatively insensitive to temperature. However, summer 
temperature is a strong predictor of glacial behavior, and 
changes in summer temperatures could affect the melt rate 
and additional snow contributions in glaciers because this 
area receives significant spring and summer precipitation 
(Hall and Fagre 2003).

Streamflow
Streamflow changes of significance for aquatic species, 

water supply, and infrastructure include annual yield, sum-
mer low flows (average, extreme), peakflows (scouring 
floods), peakflow seasonality, and center of runoff timing. 
Irrigation water for crops and urban landscapes is typically 
needed in summer months. Annual yield, summer low flows, 
and center of runoff timing are important metrics with 
respect to water supply, but they are most relevant to surface 
water supplies rather than groundwater supplies, although 
changes in long-term annual means could be informative for 
the latter. The mean summer yield (June through September) 
is used for summer low flows. Center of runoff timing is the 
date on which 50 percent of the annual runoff has flowed 
out of a basin and is an effective index for the timing of 
water availability in snowmelt-driven basins. Shifts to 
earlier runoff in the winter or spring disconnect streamflow 
timing from water supply needs such as agricultural ir-
rigation. Center of timing can be redundant with other 
metrics that measure impact more directly, but with care in 
interpretation, it can help clarify different potential causal 
mechanisms, such as changing precipitation versus changing 
temperature.

Peakflows are important to fish and infrastructure. 
Scouring flows can damage eggs in fish redds if they occur 
while the eggs are in the gravel or alevins are emerging 
(Goode et al. 2013; Tonina et al. 2008). Winter peakflows 
can affect fall-spawning fish (chinook [Oncorhynchus 
tshawytscha], bull trout [Salvelinus confluentus], and brook 
trout [S. fontinalis]), whereas spring peakflows affect spring-
spawning cutthroat trout (O. clarkii), resident rainbow trout 
(O. mykiss), and steelhead (O. m. gairdneri) (Wenger et 
al. 2011a,b). Spring peakflows associated with the annual 
snowmelt pulse are typically muted in magnitude compared 
to winter rain-on-snow events for two reasons. The rain-on-
snow events can generate larger water input rates (rainfall 
precipitation plus high melt rate), and they tend to affect 
much larger fractions of a basin at a time, so scouring is 
less of a risk to spring-spawning fishes. Consequently, a 
shift to more midwinter events can yield higher peakflow 
magnitudes, which can also threaten infrastructure such 
as roads, recreation sites, and water management facilities 
(e.g., diversions, dams).

Historical changes in some of these streamflow metrics 
have been examined in northern portions of the IAP region, 
specifically earlier runoff timing (Cayan et al. 2001; Stewart 

Figure 4.8—Uncertainty ratio for April 1 snow water 
equivalent. Orange to dark red sites are strongly influenced 
by precipitation in contrast to temperature. Thus, 
temperature-based projections for snow water equivalent in 
those sites may be inaccurate if precipitation changes are 
large. At dark green (and white) sites, temperature effects 
will predominate, and precipitation changes in either 
direction are inconsequential.
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et al. 2005) and declining annual streamflows (Clark 2010; 
Luce and Holden 2009). Declining low flows (7Q10) have 
also been observed in the western half of the Northern 
Rockies (Kormos et al. 2016), associated more with declin-
ing precipitation than warming temperature effects for the 
historical period. Low-flow changes and timing changes in 
projections are generally associated with expected changes 
in snowpack related to temperature (e.g., more melt or 
precipitation as rain in winter, yielding a longer summer dry 
period). Low-flow changes driven by these timing changes 
are strongly dependent on groundwater conditions in the 
basin (Tague and Grant 2009), which vary considerably 
across the IAP region as discussed later in the Groundwater 
Resources section.

Streamflow Projections
Streamflow projections for an ensemble of Coupled 

Model Intercomparison Project Phase 3 (CMIP3) models 
under the A1B scenario (Littell et al. 2011) were produced 
from the VIC model (Liang et al. 1994) for the western 
United States (University of Washington, Climate Impacts 
Group 2017)) (figs. 4.9–4.13). Differences between the cli-
mate described by CMIP3 projections and the more recently 
developed CMIP5 projections are minimal with respect to 
temperature (Chapter 3). The gridded VIC data were used 
to estimate streamflow by using area-weighted averages of 
runoff from each VIC grid cell within a given basin, follow-
ing the methods of Wenger et al. (2010), to accumulate flow 
and validate. Streamflow metrics were calculated for stream 
segments in the National Hydrography Dataset Plus (version 
2) stream segments (USDA FS n.d.).

Figure 4.9—Percentage change in 
mean annual flow projections 
in the Intermountain Adaptation 
Partnership (IAP) region between a 
historical period (1970–1999) and 
the 2040s. Projections are from the 
Variable Infiltration Capacity model, 
following the methods of Wenger et 
al. (2010).

Figure 4.10—Percentage change in 
mean summer flow projections 
in the Intermountain Adaptation 
Partnership region between a 
historical period (1970–1999) and 
the 2040s. Projections are from the 
Variable Infiltration Capacity model, 
following the methods of Wenger et 
al. (2010).

Chapter 4: Effects of Climate Change on Hydrology, Water Resources, and Soil



USDA Forest Service RMRS-GTR-375.  2018 67

Figure 4.12—Projections of change 
(days) in the number of mid-winter 
floods (95th-percentile flow) in 
the Intermountain Adaptation 
Partnership region between a 
historical period (1970–1999) and 
the 2040s. Projections are from the 
Variable Infiltration Capacity model, 
following the methods of Wenger et 
al. (2010).

Figure 4.11—Change (days) in the 
center of flow mass projections 
in the Intermountain Adaptation 
Partnership region between a 
historical period (1970–1999) and 
the 2040s. Projections are from the 
Variable Infiltration Capacity model, 
following the methods of Wenger et 
al. (2010).

Figure 4.13—Percentage change 
in 1.5-year flood magnitude 
(approximate “bankfull” flow) 
in the Intermountain Adaptation 
Partnership region between a 
historical period (1970–1999) and 
the 2040s. Projections are from the 
Variable Infiltration Capacity model, 
following the methods of Wenger et 
al. (2010).
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Uncertainty in climate model inputs can be a significant 
factor in uncertainty for outcomes related to natural resourc-
es (Wenger et al. 2013). Downscaling for these runs was 
done statistically, not dynamically, using an RCM to account 
for orographic enhancement changes, so GCM expectations 
for precipitation are implicit in the streamflow estimates. No 
effects of change in orographic enhancement are inherent 
in these images; thus, uncertainty may be higher (in a drier 
direction) on the windward side of mountain ranges.

Mean annual flow projections (fig. 4.9) suggest a slight 
increase across the northern portion of the IAP region, 
which ties back to the general moistening predicted by 
CMIP3 GCM runs (also illustrated in fig. 4.2). Minor 
changes are displayed through the central part of the region. 
The decreases shown in the southern part of the region 
are associated with changes in the Hadley cell circulation, 
which has also been described as an expansion of the mid-
latitude deserts.

Despite projections of slightly increased annual flow 
across much of the region, summer low flows are expected 
to decline (fig. 4.10), with relatively uniform changes 
in mountainous areas, particularly in wetter ranges. The 
primary mechanism expected to drive lower summer base 
flows is reduced snowpack in winter, leading to less stored 
water. The VIC model simulations do not include the effects 
of large groundwater reserves; thus, this effect could be 
moderated in systems where groundwater flow contributes 
a substantial volume of water to late summer flows (see 
more discussion in the Groundwater Resources section on 
where this may be important). Although such groundwater 
support could moderate the percentage declines as shown in 
figure 4.10, actual low-flow runoff rates could have greater 
declines in such places because the fractional decline is 
applied to a larger pre-change low-flow rate (e.g., Tague 
and Grant 2009). This is an important consideration when 
dealing with water rights, in which actual volumes or flows, 
rather than percentages, are allocated to individual rights.

Places where summer precipitation plays an important 
role, particularly the southern portion of the region, are 
more likely to see low flows affected by summer precipita-
tion patterns. Shifts in circulation that affect how moisture 
flows from the Gulf of Mexico in summer are expected to 
negatively affect precipitation. Increased spacing between 
precipitation events (IPCC 2013; Luce et al. 2016) and 
decreased moisture in the early portion of the monsoon 
season (Cook and Seager 2013) are other likely occurrences. 
These summer wet areas are also more likely to have greater 
losses of precipitation with increased evaporation, but it 
is important to recognize energy balance constraints when 
estimating the degree of loss (Roderick et al. 2014). This is 
not done in the VIC modeling, which uses only the tempera-
ture outputs from GCMs without reevaluating the change in 
energy balance from a different hydrological formulation; 
loss by evapotranspiration may thus be overestimated (Milly 
and Dunne 2011).

Generally, areas showing a change in summer low flows 
also show a shift to earlier center of flow mass timing (2–4 

weeks) (fig. 4.11) and a shift to stronger changes in moun-
tains dominated by snowmelt runoff. Changes in timing are 
related to snow residence time and earlier snowmelt runoff 
(figs. 4.6, 4.7).

Projected changes in the number of winter floods 
(95th percentile flow) show more of an effect in mid- and 
lower-elevation mountain ranges. Higher elevation and 
colder ranges, which will preserve more snowpack, show 
less change (fig. 4.12). The shift to more midwinter rain 
and more rain-on-snow flooding depends strongly on the 
elevational range of each basin. At middle elevations, tem-
peratures are projected to increase enough that rain is likely 
on snowpacks, even in midwinter. Consequently, projected 
peakflow increases are generally stronger in these mid-
elevation mountainous areas (fig. 4.13). Greater midwinter 
flooding could increase both the occurrence and magnitude 
of peakflows (fig. 4.14), as well as the potential for scour in 
gravel riverbeds (Goode et al. 2013).

Figure 4.14—Illustration of increased mid-winter flooding 
potential. Projected streamflows are from Variable 
Infiltration Capacity modeling for (a) current conditions, 
(b) 2040s, and (c) 2080s. The long, short, and gray dashed 
lines indicate the 2-year flood for each period (current, 
2040s, and 2080s, respectively) (from Goode et al. [2013]).
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Drought
Several studies help to provide a paleoclimatic context 

for evaluating drought in the IAP region. For example, both 
an early and an updated reconstruction of streamflow in the 
Colorado River Basin indicate that water allocation agree-
ments were developed during one of the wettest periods in 
the last 500 years (Stockton and Jacoby 1976; Woodhouse et 
al. 2006), and that droughts were more severe before the 20th 
century (Woodhouse et al. 2006). Similarly, DeRose et al. 
(2015) found that in the Bear River of the Great Basin, the 
latter half of the 20th century was the second wettest period 
in the last 1,200 years. Other studies have also demonstrated 
high variability and severe droughts in the Uinta Mountains 
(MacDonald and Tingstad 2007), Weber River (Bekker et al. 
2014), Logan River (Allen et al. 2013), and Great Salt Lake 
(Wang et al. 2012). Figure 4.15 illustrates a general correla-
tion in wet and dry cycles between these basins over time, 
but also some unique differences based on onsite-specific 
factors (DeRose et al. 2015).

Understanding long-term climate dynamics is critical 
for sustainable management of environmental resources. In 
combination with projections for climate change, knowledge 
of past climatic conditions can help inform water and land 
management decisions. For a more extensive discussion of 
drought, paleoclimatic history, and effects on forests and 
streams, see Luce et al. 2016.

Sediment Yield
The delivery and transport of sediment through mountain 

rivers affect aquatic habitat and water resource infrastruc-
ture. Although climate change is expected to produce 
significant changes in hydrology and stream temperature, 
the effects of climate change on sediment yield have re-
ceived less attention. Climate change is expected to increase 
sediment yield primarily through the effects of temperature 
and hydrology on vegetation disturbances (wildfire, insects, 
drought-related mortality) (Goode et al. 2012).

A conceptual model (fig. 4.16) of sediment yield (solid 
black line) relative to climate can help to illustrate the 
regulating role of vegetation. The dashed lines indicate the 
relative increase in resistance to erosion that vegetation 
provides as the driving force of precipitation increases. The 
biggest divergence in the lines occurs in semiarid climates 
where sufficient precipitation is available to drive erosion, 
but there is a limited amount of vegetation to stabilize hill-
slopes from erosion. The result is higher sediment yield in 
semiarid climates. The red arrow and circle on the plot de-
pict the potential shift of current temperate forest climates to 
more semiarid climates, increasing overall erosion potential 
and sediment yield (Goode et al. 2012) (fig. 4.16).

Figure 4.15—Comparison between the Bear River and other 
Wasatch Front hydroclimate reconstructions, illustrating the 
cyclical nature of wet and dry periods in the Intermountain 
Adaptation Partnership region (from DeRose et al. [2015]).

Figure 4.16—Conceptual plot of sediment yield (solid black 
line) relative to hydroclimate and the regulating role of 
vegetation. The red arrow and circle illustrate the potential 
shift of current temperate forest climates, which under a 
warming climate could become more like semiarid climates, 
increasing erosion potential and sediment yield (from Goode 
et al. [2012]).

Groundwater Resources
Climate change is likely to have significant, long-term 

implications for groundwater resources in the IAP region. 
Climate change is expected to cause a transition from snow 
to rain, resulting in diminished snowpack, shifts in stream-
flow to earlier in the season (Leibowitz et al. 2014; Luce et 
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al. 2012), and changes in groundwater recharge to aquifers 
and groundwater discharge to groundwater-dependent 
ecosystems (GDEs). In this section, we synthesize existing 
information about occurrence of groundwater resources 
in five of the six subregions, describe potential effects of 
climate change, and describe how climate change can affect 
GDEs, including aquifers, streams, wetlands, and springs.

Groundwater is broadly defined as “all water below 
the ground surface, including water in the saturated and 
unsaturated zones” (USDA FS 2012). Groundwater re-
sources include water residing in the subsurface, as well 
as ecosystems that depend on the presence or discharge of 
groundwater.

Groundwater-dependent ecosystems are “communities 
of plants, animals and other organisms whose extent and 
life processes are dependent on access to or discharge of 
groundwater” (USDA FS 2012). In the IAP region, GDEs 
include springs, springbrooks, groundwater-supported 
lakes, fens, streams, and rivers with base flow and ripar-
ian wetlands or phreatophytic vegetation along segments 
known as “gaining river reaches.” Fens are wetlands sup-
ported primarily by groundwater with a minimum depth 
(usually 12–16 inches) of accumulated peat (Chadde et al. 
1998; USDA FS 2012a). Springs are entirely supported by 
groundwater. These GDEs contribute significantly to local 
and regional biodiversity (Murray et al. 2006).

The fundamental hydrological processes that influence 
GDEs are: (1) amount, timing, and type of precipitation 
(rain or snow); (2) groundwater recharge; (3) groundwater 
quality; (4) groundwater discharge; and (5) evapotranspira-
tion (Lins 1997). Along stream segments referred to as 
“gaining reaches,” groundwater enters the stream from the 
banks or the channel bed, and the volume of downstream 
streamflow is subsequently increased (Winter 2007; Winter 
et al. 1996). Groundwater can contribute substantially to late 
summer streamflow (Gannett 1984) and is the source for 
cool-water upwellings that serve as refugia for cold-water 
aquatic species (Lawrence et al. 2014; Torgersen et al. 1999, 
2012).

Hydrogeologic Setting
Hydrogeologic setting provides a context for assess-

ing potential climate-induced changes to groundwater 
resources. Geologic units respond differently to changes 
in precipitation because of differences in hydraulic 
conductivity, transmissivity, primary versus secondary 
porosity, and fracture patterns. In a study that combined 
aerial photography (over 50–80 years) and climate analysis, 
Drexler et al. (2013) showed that five fens in the Sierra 
Nevada (California) decreased 10 to 16 percent in area. 
This decrease in area occurred over decades with high mean 
minimum air temperature and low SWE and snowpack lon-
gevity. However, two fens in the southern Cascade Range, 
underlain by different geology than the Sierra Nevada, did 
not change in area, suggesting that the hydrogeologic setting 
plays an important role in mediating GDE functionality.

Several different hydrogeologic settings have been 
delineated in the IAP region, including igneous/metamor-
phic, sedimentary, karst, and unconsolidated sediments. 
Igneous and metamorphic rocks with low permeability and 
porosity, with low-volume groundwater discharges, and that 
are recharged only during large infrequent precipitation or 
snowmelt events may not be vulnerable to changes in tem-
perature and precipitation. However, aquifers in sedimentary 
formations, karst formations (fig. 4.17), and unconsolidated 
sediments may be more sensitive to climate change because 
they have high permeability, high porosity, and larger vol-
ume discharges to GDEs.

Groundwater Systems in the Intermoun-
tain Adaptation Partnership Region

Middle Rockies Subregion
Located in central Idaho, the Middle Rockies subregion 

is underlain with predominantly igneous and volcanic rocks 
with carbonate (fig. 4.17) and other sedimentary rocks in the 
southeast. Groundwater occurs in fractured and weathered 
crystalline rocks and sedimentary rocks (USGS 2000). Sand 
and gravel aquifers are found in floodplains and terraces in 
the valleys. Bedrock aquifers are the only source of ground-
water across much of the subregion. Igneous, metamorphic, 
and sedimentary rocks that underlie the mountains generally 
yield little water to wells. Recharge to the basin aquifer sys-
tem is by precipitation that falls directly on basin floors and 
by snowmelt that runs off the surrounding mountains and is 
transported into the basins by tributary streams.

Southern Greater Yellowstone Subregion
The Southern Greater Yellowstone subregion in western 

Wyoming and eastern Idaho consists primarily of sedimen-
tary rocks but also contains igneous and metamorphic rocks 
(USGS 2000). Aquifers include sedimentary rocks, sand, 
and gravel along streams and basin-fill aquifers adjacent to 
the mountain blocks. Groundwater occurs in pore spaces, 
joints, fractures, faults, and solution openings in carbonate 
rocks. Many basins are bounded by mountain front faults. 
The most important aquifers are basin-fill aquifers, but they 
are recharged mainly from the mountain blocks. Deposits 
that fill the basins are mostly alluvium derived from the 
weathering and erosion of consolidated rocks that underlie 
the mountains bordering the basins. Primary recharge areas 
are generally located along the mountain fronts and extend 
into some mountain valleys. Groundwater is obtained 
principally from the basin-fill deposits. Basin margin faults 
are likely to influence flow from the bedrock aquifers to the 
basin-fill aquifers by forming barriers and highly permeable 
pathways, depending on the fault-zone geometry.

Uintas and Wasatch Front Subregion
Consolidated rocks of Precambrian to Tertiary age, which 

form the Wasatch Range and other mountain ranges in the 
Uintas and Wasatch Front subregion, yield water chiefly 
through complex systems of fractures, joints, solution 

Chapter 4: Effects of Climate Change on Hydrology, Water Resources, and Soil



USDA Forest Service RMRS-GTR-375.  2018 71

cavities, fault zones, and vesicles (Price 1985). These water-
bearing zones, which are not present at all locations, are 
difficult to find and delineate. Wells in consolidated rocks 
also have small yields, and the depth to the saturated zone 
can be great. Consequently, the consolidated rocks in the 
Wasatch Front area are not considered to be favorable sourc-
es of water for withdrawal from wells. As a unit, however, 

they do absorb, store, and transmit large volumes of water to 
downstream aquifers. This is particularly true for carbonate 
units (fig. 4.17). In Utah, the aquifers in Cache Valley, the 
lower Bear River area, and along the Wasatch Front provide 
water to 84 percent of the population of Utah.

Geologic conditions vary considerably throughout the 
Wasatch Front area, and thus, groundwater occurrence, 

Figure 4.17—Areas with cave and karst potential composed of carbonate and minor volcanic rocks in the U.S. 
Forest Service Intermountain Region (from Weary and Doctor [2014]).
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movement, quality, and availability also vary. Most of the 
wells that obtain water from the consolidated rocks are used 
for domestic supply and produce only a few gallons of water 
per minute. However, some of the springs that discharge 
from these rocks (especially carbonate rocks) produce sev-
eral hundred to more than 1,000 gallons per minute. Alluvial 
fans make up much of the valley fill near mountain fronts.

Plateaus Subregion
Colorado Plateau aquifers underlie the Plateaus subre-

gion of eastern Utah. Principal aquifers in the Colorado 
Plateau include the Uinta-Animas, Mesaverde, Dakota-
Glen Canyon, and Coconino-De Chelly (USGS 2000). 
Distribution of aquifers on the Colorado Plateau is con-
trolled in part by the structural deformation and erosion that 
have occurred since deposition of the sediments composing 
the aquifers. Much of the land is underlain by rocks that 
contain aquifers capable of yielding usable quantities of 
water of quality suitable for most agricultural or domestic 
use. In general, the aquifers in the Colorado Plateau area are 
composed of permeable, moderately to well-consolidated 
sedimentary rocks. These rocks range in age from Permian 
to Tertiary and vary greatly in thickness, lithology, and 
hydraulic characteristics.

Relatively impermeable confining units separate each 
of the four principal aquifers in the Colorado Plateau. 
The two thickest units are the Mancos (underlying the 
Mesaverde aquifer) and Chinle-Moenkopi (underlying the 
Dakota-Glen Canyon aquifer). Groundwater recharge to the 
Uinta-Animas aquifer generally occurs at higher elevations 
along the margins of each basin. The Mesaverde aquifer is 
at or near the land surface in extensive areas of the Colorado 
Plateau.

Great Basin and Semi Desert Subregion
The Great Basin and Semi Desert Subregion lies within 

the Basin and Range Physiographic Province, which 
contains three principal aquifer types: (1) volcanic-rock 
aquifers, which are primarily tuff, rhyolite, or basalt of 
Tertiary age; (2) carbonate-rock aquifers (fig. 4.17), which 
are primarily limestones and dolomites of Mesozoic and 
Paleozoic age; and (3) basin-fill aquifers, which are pri-
marily unconsolidated sand and gravel of Quaternary and 
Tertiary age (USGS 2000). These aquifers underlie most of 
Nevada, western Utah, and southern Idaho. All the precipita-
tion that falls in the area is returned to the atmosphere by 
ET, and streams do not carry water to the oceans.

Fracturing in carbonate rocks (limestone and dolomite) 
may enable groundwater to circulate through the fractures 
where the water can dissolve the slightly soluble rock and 
enlarge and increase the size and number of pathways 
for water movement through the rock. Such dissolution 
eventually can change a relatively impermeable carbonate 
rock into a permeable water-yielding unit. Carbonate rocks 
predominate in a 20,000- to 30,000-foot thick sequence of 
Paleozoic and Lower Mesozoic rocks in an extensive area of 
southern and eastern Nevada and are present on all National 

Forests in the region. The location of solution-altered zones 
of enhanced permeability within these carbonate rocks is 
poorly known. Although extrusive igneous rocks (primarily 
basalt) can be permeable in local areas, most other types of 
consolidated rock are not sufficiently permeable to transmit 
large volumes of water, and bedrock generally forms a 
relatively impermeable boundary to the Basin and Range 
aquifers.

The groundwater flow systems of the Basin and Range 
area are in individual isolated basins or in two or more 
hydraulically connected basins. The impermeable rocks are 
boundaries to the flow system, and most of the groundwater 
flows through basin-fill deposits. If carbonate rocks underlie 
the basins, substantial quantities of water can flow between 
basins through the carbonate rocks and into the basin-fill 
deposits. Most recharge to the basin-fill deposits originates 
in the mountains as snowmelt. Major faults that cut the al-
luvial deposits can act as partial barriers to the movement of 
groundwater.

Dependence of Special Habitats on 
Different Water Sources

Groundwater-dependent ecosystems occur in locations 
with abundant growing-season water. Because precipita-
tion is the ultimate source of water and directly influences 
streamflow characteristics and groundwater dynamics, it is 
expected that climate-induced changes in precipitation will 
affect riparian areas, wetlands, and GDEs. Availability of 
water is also influenced by physical watershed characteris-
tics that affect infiltration and surface and hillslope runoff, 
including lithology, soil depth, and topography (Jencso et al. 
2009).

Groundwater Recharge in Mountain 
Aquifers in the Western United States

Most aquifers in Western mountains are small compared 
to the major aquifer systems in the basins. Despite being 
small, these aquifers are essential in storing and transmitting 
groundwater that becomes recharge to the adjacent major 
aquifer systems. Altered recharge caused by climate change 
will translate into altered mountain aquifer storage and 
discharge, which will, in turn, directly influence recharge 
to downgradient aquifers and stream base flows. Between 
61 and 93 percent of diffuse mountain catchment recharge 
becomes streamflow available for downstream aquifer 
recharge by stream loss (Meixner et al. 2016).

Snowmelt is likely to contribute the majority of recharge 
in most mountainous regions of the western United States, 
either because most of the precipitation falls as snow, or 
snowmelt infiltrates below the root zone more effectively 
than rainwater (Earman et al. 2006). Snowmelt can compose 
a large fraction of recharge because much of the water 
released from the snowpack occurs over a prolonged period 
in early spring when ET is low (Ajami et al. 2012; Earman 
et al. 2006). Consequently, mountain recharge is sensitive 
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to the climatic shifts that result in changes in SWE noted 
earlier in the chapter.

Recharge in many mountainous areas is permeability 
limited rather than recharge limited where thin soils overlie 
low-permeability crystalline bedrock (Flint et al. 2008). 
Lower maximum annual SWE in these areas may decrease 
overland flow of snowmelt to streams, but has little influ-
ence on recharge because spring snowmelt substantially 
exceeds the unsaturated zone storage capacity (Blankinship 
et al. 2014). Conversely, bedrock permeability in karst areas 
is so high that most snowmelt and rainfall infiltrates into 
the porous rock, flows in conduits, and is discharged to the 
surface as springs or discharges directly to fill aquifers.

Higher minimum temperatures will reduce the longev-
ity of snowpack, and decrease the length of time aquifer 
recharge can occur, potentially leading to less groundwater 
recharge. Some watersheds will be shifting from snow-
dominated to rain-dominated, which may result in declines 
in groundwater recharge (Earman and Dettinger 2011; 
Safeeq et al. 2013, 2014). Recharge could also increase in 
these areas as a result of a more gradual release of water 
from snowpack from enhanced winter melting (Byrne et al. 
2014; Musselman et al. 2017). Projecting future mountain 
recharge requires knowledge of groundwater flow systems 
that is generally unavailable.

In summary, recharge is likely to decrease in the southern 
IAP region, but changes in other parts of the region are 
uncertain because of limited understanding of mountain 
recharge processes and groundwater flow in mountains 
(Meixner et al. 2016). However, there are existing ap-
proaches (e.g., Safeeq et al. 2014) that can be used to 
develop sensitivity maps from available information about 
geology, stream recession behavior, and other factors. These 
approaches could be used to evaluate sensitivities for future 
mountain recharge in the IAP.

Current Resource Conditions
Steep elevation gradients, varied bedrock, and glacial 

landforms influence the distribution, characteristics, and wa-
ter chemistry of groundwater-dependent features. Existing 
information on the condition and distribution of GDEs in 
National Forests of the IAP region is limited. Here, we 
rely on data compiled by the Spring Stewardship Institute, 
the National Hydrography Dataset (USGS 2017), and the 
National Wetlands Inventory (NWI) (USFWS n.d.) to assess 
the current condition of springs, wetlands, and GDEs in the 
region.

Springs are usually small, averaging less than 0.5 acre, 
with few spring habitat patches larger than 2 acres (Kreamer 
et al. 2015). Thus, springs fall below the scale of most land-
scape mapping efforts and are therefore neglected in remote 
sensing, soil, and floristic mapping. Recently, National 
Forests in the U.S. Forest Service Intermountain Region and 
the Spring Stewardship Institute have begun to map springs 
and other GDEs, but the known occurrence of these are lim-
ited, and many more springs certainly exist (table 4.1).

Springs play a key role as groundwater discharge zones 
that deliver cool water to warming streams, support late-
season streamflows in summer, and deliver relatively warm 
water during winter months (Lawrence et al. 2014; Winter 
2007). Most streams and rivers in the region are at least par-
tially groundwater dependent (Santhi et al. 2008). Locations 
of groundwater discharge to streams have been identified 
by using remote sensing (Torgersen et al. 1999) and field 
techniques (Torgersen et al. 2012), but have not been sys-
tematically mapped.

Wetlands can be identified by targeting palustrine/emer-
gent wetlands with a saturated water regime (Cowardin 
et al. 1979) in the NWI database (table 4.1). To ascertain 
whether these wetlands are indeed fens, each wetland would 
require a field visit to determine if it is supported (at least 
in part) by groundwater and is peat-forming (Chadde et al. 
1998; USDA FS 2012a, b). Fens occupy a small portion of 
the landscape, but contribute substantially to biodiversity 
of plants and animals (Blevins and Aldous 2011). In an 
otherwise arid region, perennially saturated fens are critical 
habitat for invertebrate and amphibian species. Although 
not explicitly differentiated as fen vegetation, several 
herbaceous-dominated plant associations frequently occur 
in fens.

Since 2008, GDEs, mostly springs and fens, have been 
inventoried and documented in National Forests by using 
draft and final versions of the Groundwater-Dependent 
Ecosystems Level I and Level II inventory methods 

Table 4.1—Area of palustrine emergent wetlands with saturated 
water regime and number of mapped springs in the U.S. 
Forest Service Intermountain Region. Differences in wetland 
area reflect different mapping accuracy and limitation 
among national forests; wetlands less than 1 to 3 acres are 
generally not included (USFWS n.d.).

National Forest Wetland area Springs

Acres Number

Ashley 18,388 426

Boise        92       442

Bridger-Teton   3,397       140

Caribou-Targhee      262    1,467

Dixie   1,048      652

Fishlake   1,259      622

Humboldt-Toiyabe   1,275   4,286

Manti-La Sal   1,894      481

Payette      218      155

Salmon-Challis      205      692

Sawtooth      224   1,211

Uinta-Wasatch-Cache 19,269      917

    Total 47,530 11,491
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(USDA FS 2012a, b). The Level I guide (USDA FS 2012a) 
describes basic methods for assessment of GDEs within a 
given area (e.g., National Forest, ranger district, specific 
project area) and is intended to qualitatively document the 
location, size, and basic characteristics of each GDE site. 
The Level II guide presents more detailed inventory (USDA 
FS 2012b) in addition to protocols for more comprehensive 
characterization of the vegetation, hydrology, geology, and 
soils at a given site.

Inventories have been conducted in Ashley, Caribou-
Targhee, Dixie, Humboldt-Toiyabe, Manti-La Sal, and 
Sawtooth National Forests. Inventories in Humboldt-
Toiyabe National Forest targeted springs with terrestrial and 
aquatic flora and fauna values. In the GDE Level I protocol 
(USDA FS 2012a), a series of 25 management indicator 
statements assist in identifying potential concerns and needs 
for management action based on observations recorded dur-
ing field inventories. Three of the most important indicators 
are aquifer functionality, soil integrity, and vegetation com-
position. Most inventories targeted sites where proposals for 
water development could be damaging, or portions of graz-
ing allotments and watersheds with specific management 
concerns. Findings of inventories commonly show notable 
resource impacts through water diversion, soil disturbance, 
and effects of livestock on vegetation.

Potential Climate Change Effects on 
Groundwater and Groundwater-Dependent 
Ecosystems

Groundwater recharge has been examined in only a 
few locations (Tague and Grant 2009), and little is known 
about groundwater recharge processes in many watersheds, 
including those that may be shifting from snow-dominated 
to more rain-dominated hydrological regimes (Safeeq et al. 
2013, 2014). Depending on elevation and hydrogeologic 
setting, slowly infiltrating precipitation that includes both 
rain and snow may recharge some groundwater aquifers as 
effectively as rapid, seasonal snowmelt runoff. Although 
rain-on-snow zones are expected to shift upwards in eleva-
tion, the influence of these shifts on groundwater recharge is 
unknown.

Small, unconfined aquifers (especially surficial and 
shallow aquifers) are more likely to have renewable 
groundwater on shorter time scales and may respond rapidly 
to changes in climate (Healy and Cook 2002; Lee et al. 
2006; Sophocleous 2002; Winter 1999). Larger, deeper, and 
confined aquifers are more likely to have nonrenewable 
groundwater, may be less sensitive to the direct effects of 
climate change, and are projected to have a slower response 
(Wada et al. 2012).

Groundwater storage can moderate surface water re-
sponse to precipitation changes (Maxwell and Kollet 2008), 
and changes to groundwater levels can alter the interaction 
between groundwater and surface water systems (Hanson 
et al. 2012). Climate-induced changes in connectivity be-
tween groundwater and surface water could directly affect 

stream base flows and associated wetlands and other GDEs 
(Earman and Dettinger 2011; Kløve et al. 2012; Tujchneider 
et al. 2012). Short flow-path groundwater systems, including 
many that provide base flow to headwater streams, could 
change substantially in timing of discharge in response to 
changes in seasonality of recharge (Waibel et al. 2013). In 
contrast, regional-scale aquifer systems, with flow paths on 
the order of tens of miles, are much less affected by shifts 
in seasonality of recharge. These effects may be highly vari-
able, depending on local hydrogeology.

Altered groundwater levels in wetlands can reduce 
groundwater inflow, leading to lower water table levels and 
altered wetland water balances. For local and intermediate-
scale systems, the spatial extent of some GDEs is likely to 
contract in response to decreasing surface water and ground-
water and increasing temperatures. Changes in groundwater 
and surface water will also vary depending on location 
within the watershed, as well as future land use.

Effects of changing climate on the ecology of GDEs 
will depend on changes in groundwater levels and recharge 
rates, as influenced by the size and position of groundwater 
aquifers (Aldous et al. 2015). GDEs supported by small, 
local groundwater systems tend to exhibit more variation 
in temperature and nutrient concentrations than regional 
systems (Bertrand et al. 2012). It is likely that larger systems 
will be more resilient to climate change.

Freshwater springs depend on continuous discharge of 
groundwater, forming ecotones between subsurface-surface 
water and aquatic-terrestrial environments (Ward and 
Tockner 2001). Springs and springbrooks support locally 
unique biological communities (Barquin and Death 2006). 
However, climate-induced changes in recharge may cause 
decreased summer flows with possible drying, as well as 
increased winter flow and inundation of biological commu-
nities (Green et al. 2011).

Many biogeochemical processes are temperature 
dependent, so climate-induced changes in groundwater tem-
perature may negatively affect the quality of groundwater, 
and, in turn, influence aquatic communities (Figura et al. 
2011). However, because the thermal regime of groundwater 
systems is less dependent on air temperature patterns than 
surface waters, the effects of rising air temperatures are 
likely to be less pronounced in springs and other GDEs.

Peat-accumulating processes in fens will be influenced 
by increasing temperatures and local and regional changes 
in hydrological regime. Reduced groundwater levels tend 
to promote soil aeration and organic matter oxidation. 
Generation and maintenance of peat soils over time depend 
on stable hydrological conditions. In recent studies of 
peatlands exposed to groundwater lowering, responses such 
as soil cracking, peat subsidence, and secondary changes 
in water flow and storage patterns have been observed 
(Kværner and Snilsberg 2011). Wetland plant species can 
respond to even slight changes in water table elevation 
(Magee and Kentula 2005; Shipley et al. 1991; Vitt and 
Slack 1984), and shifts in composition of vascular and bryo-
phyte species could occur with lowered water tables.
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Some riparian ecosystems depend on the presence of 
flowing water, although streamflow may not be perennial 
along all stream segments and can vary considerably with 
season, physical features of the watershed, and water source. 
Depending on physical characteristics of a given stream 
segment, the volume of streamflow can also drive seasonal 
changes in water table elevation of the adjacent riparian area 
(Jencso et al. 2011). These hydrological and fluvial pro-
cesses and resulting geomorphic surfaces are essential for 
the persistence of riparian vegetation (Naiman et al. 2005). 
According to long-term daily flow data, different streams in 
the region are supported by perennial runoff, snow plus rain, 
and stable groundwater levels (Poff 1996).

Changes in water table elevations and streamflow 
volumes may affect riparian areas and their plant communi-
ties (Jencso et al. 2009; Naiman et al. 2005). Examples of 
changes in flow systems are decreased summer base flows 
(see earlier Hydrological Processes section), lower riparian 
water table elevations, and reduced hydrological connectiv-
ity between uplands and riparian areas (Jencso et al. 2009, 
2011). Streamflow volume along gaining reaches increases 
with the inflow of groundwater to the channel. Stream 
water can also drain from the channel bed and banks to the 
groundwater system (losing reaches), resulting in a loss 
of downstream surface flow volume (Winter et al. 1996). 
Gaining and losing stream reaches result in different aquatic 
communities in the channels and different riparian plant 
communities on the floodplains. The extent to which gain-
ing or losing characteristics of specific reaches may change 
in response to climate-induced changes in precipitation, 
streamflow characteristics, and groundwater discharge is 
unknown.

In wetlands and riparian ecosystems, hydrological 
variables are consistently the strongest predictors of plant 
species distributions (e.g., Cooper and Merritt 2012). 
Current understanding of the water sources used by ripar-
ian and wetland plants is limited to a few highly valued or 
highly invasive species (mostly woody). However, riparian 
and wetland plant species use water from multiple sources 
(surface water, soil water, groundwater), depending on life 
stage and season (Busch and Smith 1995; Cooper et al. 
1999; Goslee et al. 1997). In assessing the vulnerability of 
riparian and wetland species to climate-induced changes in 
streamflow or groundwater, the availability of water at all 
life stages must be considered, from plant recruitment and 
establishment, to reproducing adults, to persistence at later 
life stages (Cooper and Merritt 2012).

Climate-induced changes in precipitation, drought, and 
streamflow will influence the distribution of riparian vegeta-
tion via changes in local hydrological regimes, especially 
if summer base flows decrease. If water table elevation can 
be assumed to be in equilibrium with water levels in the 
stream, reduced base flows could result in lower riparian 
water table elevations and subsequent drying of streamside 
areas, particularly in wide valley bottoms. Wetland and 
riparian plant communities will respond to climate-induced 
changes in hydrological variables differently as a function 

of species composition (Merritt et al. 2010; Weltzin et al. 
2000).

Although ET is not expected to increase substantially 
from the landscape generally as outlined earlier in the 
chapter, water supplies around riparian areas and GDEs 
are consistently high. Riparian areas and GDEs compose a 
very small fraction of the landscape, so they affect the land-
surface energy balance only very slightly. Consequently, the 
increased net radiation and atmospheric demand will induce 
higher ET rates in riparian areas and GDEs, and this higher 
ET rate will not substantially feed back into the regional 
energy balance. Higher ET will result in drying in these 
ecosystems, potentially stressing characteristic plant species 
and resulting in compositional shifts in vegetation. If plant 
cover is reduced in riparian areas, erosion may increase.

Soil Resources
The potential effects of climate change on soils are mul-

tifaceted; changes in soil physical, biological, and chemical 
processes can occur with changing climate, which may in 
turn affect other processes such as carbon cycling and vege-
tation growth. Soil responses to climate change will vary by 
geographic location and are determined by the interactions 
of soil, vegetation, and the degree of management interven-
tion. The following sections provide a summary of potential 
effects of climate change on soils in the IAP region.

Soil Temperature and Moisture
Soil temperature and moisture are the primary drivers 

of change for all soil processes. Potential changes to these 
soil properties with climate change have been well studied, 
but where and when the changes may occur is difficult to 
predict. The magnitude of projected change is variable de-
pending on existing soil resources and existing climate. The 
properties and processes of soils are not independent, and a 
change to one soil property will affect other soil properties 
and processes. For example, changes to soil temperature and 
moisture will affect carbon and nitrogen cycles, which can 
in turn affect soil properties such as water holding capacity, 
cation exchange capacity, soil nutrient content, and aggre-
gate stability (Brevik 2013).

An increase in soil temperature will generally produce 
an increase in soil biological activity and soil respiration. 
However, the rate and magnitude of change are dependent 
on soil moisture (Kardol et al. 2010). In the current semiarid 
soils of the IAP region, an increase in soil temperature 
without an increase in soil moisture is likely to create soils 
that have reduced biological activity and less potential to 
store carbon. If soil moisture is limiting with increased soil 
temperatures, the soils may become a net source of carbon 
until equilibrium is reached. However, an increase in soil 
temperature could be offset by an increase in water available 
for biological activity and vegetation production, resulting 
in little change or a possible increase in carbon storage. In 
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the colder and wetter areas of the IAP region, an increase 
in soil temperature may lead to longer growing seasons if 
soil moisture is not limiting (Kurylyk et al. 2014). Thus, the 
timing and type of moisture will determine soil biological 
activity, respiration, and ultimately vegetation supported by 
the soil.

Changes to soils with climate change will not be uniform 
across the IAP region. Soil responses to temperature and 
moisture are highly dependent on the soil parent mate-
rial. Soils derived from coarse-textured granitic soils will 
transfer heat more efficiently downward into the soil 
profile than fine-textured limestone soils. The heat transfer 
downward can affect soil processes and even groundwater 
temperatures, and it could ultimately affect surface water 
temperatures where groundwater is the source for surface 
water. Fine-textured soils, which are capable of storing 
water longer in the soil profile, will generally have a higher 
buffering capability to changes in soil temperature and 
moisture.

The timing of soil moisture can also affect soil erosional 
processes. A shift away from winter precipitation as snow 
to greater amounts of rain and more intense rain storms can 
generate a higher frequency of runoff and erosional process 
from disturbance events such as fire (Litschert et al. 2014). 
Runoff from extreme rain events could increase for shallow 
soils with little capacity to store water.

Soil Carbon and Nitrogen
Soils are a major component of carbon and nitrogen 

cycles. Changes in soil temperature and moisture will affect 
carbon and nitrogen cycles. Management of soil organic 
matter can affect both of these cycles at local and global 
scales. The greenhouse gases carbon dioxide, methane, 
and nitrous oxide are regulated to some extent by the soil 
organic matter. Soils provide both a source and sink for car-
bon and nitrogen and the greenhouse gases associated with 
carbon and nitrogen. Changes to the carbon and nitrogen 
cycles may include an increase or reduction in cycling rates 
or storage of carbon and nitrogen. Soil temperature and 
moisture drive the type of change that will occur as they af-
fect microbial activity and plant composition.

Soil Carbon Pool
Soil organic carbon (SOC) is derived from soil organic 

matter (SOM). The SOM is composed of plant and animal 
residues, cells and tissues of soil organisms, and substances 
produced by decomposing organisms. The SOC is the 
carbon component of SOM. Generally, about 58 percent of 
SOM is SOC by weight. Most soil orders within the IAP 
region have a near-surface SOC content (by mass) of 0.5 
percent (for the hotter and drier areas) to 8 percent (for the 
cooler and wetter areas; Histosols excluded) (Brady 1999). 
Hereafter, we use SOC to represent both SOC and SOM, 
as these properties are likely to have similar response to 
climate change.

Soil organic carbon may be the best indicator and 
contributor to soil health because SOC supports many soil 
processes and functions. These include providing nutrients 
for plants, binding soil particles together and thereby main-
taining structure, providing an energy source for microbes, 
increasing water infiltration and retention, and providing 
cation-anion exchange for retention of ions and nutrients. 
Climate change will affect SOC and ultimately the functions 
and processes supported by SOC.

Globally, SOC may contain more than three times as 
much carbon as is found in the atmosphere or terrestrial 
vegetation. In forest ecosystems, SOC may be as much as 
80 percent of the total terrestrial carbon pool, and in nonfor-
est ecosystems, SOC may be as much as 95 percent of the 
total terrestrial carbon pool (Meyer 2012). Soils can store 
and release carbon at the same time. If soils store more 
carbon than they release back to the atmosphere, the soil is 
a carbon sink. If soils are releasing more carbon than what 
is being stored, they become a carbon source. Therefore, the 
management of SOC is critical to the management of atmo-
spheric carbon concentrations (Woodall et al. 2015).

Carbon is stored in soils in organic or inorganic forms. 
Soil organic carbon originates from carbon fixation during 
photosynthesis and microbial decomposition (Thomey et 
al. 2014). Inorganic carbon (IC) is in rocks and minerals. 
An example of IC is limestone, or calcium carbonate. The 
stable IC is released slowly through weathering or anthro-
pogenic manipulation, such as mining and conversion to 
other chemical compounds. Although IC is slow to change, 
it represents a large portion of stored carbon in many eco-
systems, such as drier shrublands and grasslands. Many of 
the drier rangeland soils include carbonate horizons within 
the soil profile. Climatic changes may affect the release of 
IC. Higher atmospheric carbon dioxide concentrations and a 
warmer and wetter climate will increase weathering of rocks 
and acidification in the carbonate layers in the soil, which 
will release greater amounts of carbon into the active carbon 
cycle (USDOE 2014).

Different soils have different capacity to store carbon. 
The differences are related to parent material, existing 
climate, and terrestrial ecological community types. 
Shrublands have a higher percentage of SOC stored lower 
in the soil profile (below 3 feet). Forests have most of their 
SOC in the first 3 feet of the soil. Changes to vegetative 
composition can affect long-term carbon storage. A shift 
from shrublands to annual grasslands will eventually move 
the bulk of carbon from deep in the soil profile to the up-
per 8 inches (USDOE 2014). This may be happening with 
conversions of shrublands to cheatgrass (Bromus tectorum) 
in the IAP region. This process is very slow, however, and 
respiration of carbon deep in the soil profile is much slower 
than near the soil surface. A shift from shrublands to forest 
will increase near-surface carbon pools as a result of litter 
addition and deeper reserves being tapped by roots for the 
production of biomass (Nave et al. 2013).

Soils have SOC storage limits set by soil physical 
and chemical composition as well as microbial and plant 
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community types, all of which are determined by soil 
moisture and temperature. Most soils in the IAP region are 
at SOC saturation for the existing climate (Woodall et al. 
2015). Soils that are degraded or furthest from potential 
SOC saturation have the greatest ability to sequester ad-
ditional carbon. These are generally areas with vegetation 
that has been altered for long periods of time, such as 
agricultural fields. Most of the soils in the IAP region could 
sequester additional carbon if soil temperatures decrease 
and soil moisture increases. This is particularly true with 
the lower-elevation soils. However, soil moisture may not 
increase in a warming climate.

Soil Physical Properties Related to  
Carbon and Climate Change

Changes to SOC can alter several soil properties, includ-
ing soil structure, bulk density, and soil porosity (Pal Singh 
et al. 2011). These soil properties affect water infiltration, 
rooting depth, soil erosional losses, and water holding 
capacity. A reduction in SOC will change soil structure 
through reducing the bonds between soil particles and the 
microbial “glue” that helps hold soil particles together. 
This can lead to less resistance of the soil to erosive forces 
of wind and water. A change in soil structure can also lead 
to changes in soil porosity and bulk density. Soil poros-
ity and pore size distribution are important for soil water 
management and maintaining release rates of greenhouse 
gases (carbon dioxide, methane, and nitrous oxide) within 
the soil. A loss of macropores with reduction in SOC could 
lead to slower water infiltration rates, increased runoff, 
decreased nutrient cycling, reduced plant growth (above and 
below ground), and poor aeration of the soil, resulting in a 
decreased capacity to oxidize greenhouse gases, specifically 
methane. A reduction in SOC also leads to increased risk of 
surface compaction with management activities through an 
increase in surface bulk density of soils. Surface compaction 
restricts water infiltration and increases surface runoff.

Although the changes to soil physical properties with 
loss of SOC are highly variable across the landscape, they 
do provide potential indicators that can be used to prioritize 
management in a changing climate; the soil types where 
current management is already having negative effects on 
soil physical properties could be the soil types that are pri-
oritized for climate change adaptation actions. For example, 
areas where excessive runoff and soil loss have occurred 
because of grazing management may be a priority. These 
areas would be expected to have a higher risk of soil quality 
loss under a warmer and drier climate with reduction in 
plant growth and SOC development.

Soil Nitrogen
SOM typically contains about 5 percent nitrogen; there-

fore, the distribution of soil nitrogen closely parallels that 
of SOM (Brady 1999). Nitrogen cycles are closely tied to 
carbon cycles, although they may respond differently to 
changes in climate. On average, nitrogen fixation occurs at 
a rate of about 9 pounds per acre for forested sites and 13 

pounds per acre for grasslands (Brady 1999). Forest soils 
may contain 15 times as much nitrogen as the standing 
vegetation, including roots (Brady 1999). About 29 to 56 
percent of the soil nitrogen pool is found in the upper 4 
inches (Page-Dumroese and Jurgensen 2006), making the 
soil nitrogen pool highly susceptible to loss from erosion.

Although most of the nitrogen in terrestrial systems 
is found within the soil, the mineralization of nitrogen is 
required to provide a form of nitrogen that plants can utilize. 
Nitrogen mineralization occurs through decomposition of 
organic material by soil micro-organisms. Warmer soil tem-
peratures increase decomposition by microbial activity, thus 
increasing nitrogen mineralization. However, soil moisture 
may have a greater effect on net nitrogen mineralization 
through changes in the form of nitrogen (Emmett et al. 
2004).

Nitrogen could be limiting to plants in some soils of the 
IAP region even if conditions for plant growth improve with 
changes in climate. If plant growth increases with increased 
atmospheric carbon dioxide, then organisms that decompose 
residual plant material will need more nitrogen to survive. 
If nitrogen is tied up by soil microflora and microfauna, the 
nitrogen would be unavailable to plants. Thus, any positive 
effects of increased atmospheric carbon dioxide may be off-
set by the reduction in available soil nitrogen (Brevik 2013), 
particularly on nitrogen-limited soils. In the IAP region, 
those areas most susceptible to reduction in nitrogen are 
forested areas on soils with coarse-textured parent material.

Soil Biological Activity
Soil organisms perform many functions in the soil, 

including decomposition and nutrient cycling. As with other 
soil processes, the soil biology is affected by other soil pro-
cesses and the inherent soil composition and climate. Thus, 
the effects of climate change on soil biology will be vari-
able. Some models project that a warming of the soil will 
create greater microbial activity, resulting in more carbon 
being released to the atmosphere because of increased de-
composition (Kardol et al. 2010). Other models suggest that 
a warming of the soil will result in lower microbial growth 
and less carbon released through respiration (Wieder et al. 
2013). In the warm and dry desert ecosystems, such as those 
in the Great Basin and Semi Desert and Intermountain Semi 
Desert subregions, the effects of soil warming are expected 
to increase microbial activity and carbon dioxide released to 
the atmosphere (Thomey et al. 2014). In cooler and wetter 
ecosystems, projections are mixed (Steinweg et al. 2013).

Vegetation composition can affect soil biology, soil 
processes, and soil response to climate change. Some soil 
organisms prefer specific plant types, and plant diversity 
increases soil biological diversity. Greater biodiversity in 
soils is likely to increase soil resilience to climate change 
(Kardol et al. 2010).
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Soil Chemical Properties
Potential effects of climate change on soil chemical prop-

erties are linked to other biological and physical changes 
in the soil, all of which are driven by soil temperature and 
moisture. Soil pH is closely tied to organic matter, parent 
material, and soil moisture. A warming climate with addi-
tional or similar precipitation will lower soil pH (Pal Singh 
et al. 2011). A warming climate with less precipitation may 
increase pH on some higher-elevation soils and have little 
effect on existing lower-elevation high-pH soils (Pal Singh 
et al. 2011).

In areas that are expected to experience increased 
drought, such as drier shrubland and grassland systems, an 
increase in the accumulation of carbonates and salts in the 
soil profile is expected. This would result in a salinization of 
the soil and have significant effects on vegetation composi-
tion. In wetter areas of the IAP region, an increase in soil 
temperatures may cause an increase in acidification from the 
decomposition of organic matter. This could change species 
composition and diversity to favor species more adapted to 
acidic soils.

Cation exchange capacity (CEC) is the ability of the 
soil to retain nutrients such as calcium, potassium, and 
magnesium and make them available to the soil solution 
and plants. It also provides the capacity to retain and immo-
bilize some cations that may be toxic to soil microbes and 
plants in high amounts, such as aluminum and manganese. 
The CEC is generally low in coarse-textured soils or soils 
with low amounts of SOC. Soils with a subsurface argillic 
horizon (higher CEC) are likely to be able to moderate a 
shift in nutrient exchange, specifically a loss of SOC and 
other major soil nutrients requiring cation exchange sites. 
An increase in soil temperatures could lead to a reduction of 
SOC and the CEC of soils. A reduction in CEC would result 
in loss of base cations in the soil that are released to ground-
water and surface water (Pal Singh et al. 2011).

Managing soil resources for optimum SOC will limit 
the effects of climate change to the CEC. Areas with low 
SOC are the most susceptible to CEC changes in soils due 
to climate change, as they have poor buffering capabili-
ties. In the IAP region, these are primarily drier rangeland 
soils, particularly those that have been vegetated for many 
decades with annual shallow-rooted grasses.

Weathering of rock and erosion of soil is a continuous 
process. Changes to rainfall and wind as well as changes to 
chemical, physical, and biological properties of soils can 
affect the type, amount, and rates of runoff and erosion of 
soil. More precipitation may not have any long-term effects 
on erosion and runoff, because vegetation will respond 
positively to increases in available soil moisture. However, 
an increase in the number of intense rain events may result 
in an increasing rate of erosion. A reduction in the amount 
of precipitation generally reduces the rate of erosion. 
However, lower vegetation cover in response to low soil 
moisture may result in increased rates of erosion from wind 
and water. Areas of the IAP region that are most susceptible 

to increased erosion are the lower-elevation shrublands and 
grasslands, where a warmer and drier climate will reduce 
the potential for vegetative cover.

Regional-Scale Soil Vulnerability Ratings
The potential magnitude of change to soil resources in a 

changing climate is extremely variable because of the het-
erogeneity of soil types and their potential response across 
the landscape. Identifying the degree of potential change 
and risk to soils spatially across a landscape is difficult, even 
with detailed soils data. However, general projections can 
be made across large landscapes by using different soil and 
landscape attributes, particularly vegetation composition and 
productivity. The following section provides a general rating 
of soil vulnerability to climate change across the IAP region. 
The rating is based on general soil characteristics and data 
from Natural Resources Conservation Service STATSGO 
datasets (NRCS 2017).

Several assumptions were used to develop a regionwide 
rating of soil vulnerability to climate change. These include:

• The existing climate will generally be warmer and 
drier in the future across all subregions in the IAP.

• Soils that are currently capable of holding water 
longer and deeper within the soil profile have a greater 
buffering capacity to change.

• Soils that are currently cooler and wetter, or have 
higher SOC, are less susceptible to climate change.

• Many soil properties will change in a changing 
climate.

• The ratings of soil vulnerability to climate change 
are based on general surrogates of landscape and soil 
conditions. Data on detailed soil properties, such as 
available water holding capacity, were not available 
across the region to make predictions.

• Soil properties used to derive a vulnerability map were 
soil temperature and moisture regimes (combined into 
subclasses), and SOC from depths of 0 to 12 inches.

• Soil polygons contain many soil components. The 
components were combined by dominant condition 
for soil temperature and moisture subclasses and by 
weighted averages for SOC.

A combined STATSGO soil map was made for all lands 
within the IAP region. Soil temperature and moisture classes 
were determined for each polygon based on the dominant 
condition within the polygon. The soil temperature and 
moisture classes were further combined according to 
soil taxonomy to create 44 different subclasses. These 
subclasses were combined qualitatively based on common 
soil temperature and moisture breaks to create four class 
ratings of low, moderate, high, and very high susceptibility 
to a warming and drying climate. The same STATSGO soil 
map was used to create a SOC map for the 0 to 4 inches soil 
depth (the database was poorly populated for depths deeper 
than 4 inches). Each polygon received a value for SOC. The 
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polygon values were assigned to one of four classes (low, 
moderate, high, very high) of SOC such that all classes 
contained the same number of polygons in each class. This 
method of creating general SOC classes was chosen because 
threshold class values for SOC are not available.

The ratings for soil temperature and moisture were then 
combined with the ratings for SOC into a four-class rating 
of soil vulnerability to climate change. A simple matrix was 
used to determine the final rating (table 4.2). The final soil 
vulnerability rating was applied to each polygon, and a gen-
eral soil vulnerability map to climate change was developed 
(fig. 4.18). The map represents soils that may or may not 
be capable of sustaining existing ecosystems in a changing 
climate. The map suggests that soils at higher elevations and 
deeper soils are not as susceptible to climate change as the 
soils in warmer and drier areas. But this does not mean soils 
will not change in wetter or cooler climates or in locations 
high in SOC.

The regional-scale soil vulnerability map is a coarse 
estimation of potential change to soils with climate change. 
Local data and information are needed to estimate vulner-
ability at a local scale. Other soil properties that should 
be considered in creating a local map include: available 
water holding capacity, soil depth, hydrological soil group, 
erodibility (K) factor, soil texture, parent material, SOC, 
and calcium carbonate content (inorganic carbon), as well 
as vegetation type, geology, slope, aspect, and elevation. 
An example of how to create a soil vulnerability rating at a 
forest-project scale is given next.

Example Project-Scale Assessment of 
Soil Vulnerability to Climate Change

At the individual forest level, local soils information 
could be utilized to create maps of soil vulnerability to 
climate change at the project, watershed, or landscape scale. 
The Uinta-Wasatch-Cache National Forest used available 
soil data and applied a soil vulnerability assessment to a  
watershed-scale project during the project planning stage. 
The assessment was used initially to identify potential 
projects that would help create more resilient ecosystems 
and then to stratify fieldwork. Vegetation manipulation is 

one example of a specific adaptive management strategy to 
maintain or enhance soil health. Quaking aspen (Populus 
tremuloides) and pinyon-juniper vegetative communities 
were examined for this example.

A soil map was created for two watersheds within a proj-
ect boundary. Vegetation and geology layers were added, as 
well as a digital elevation model to create slope and aspect. 
Soil available water holding capacity, soil depth to a restric-
tive layer, hydrological group, parent material, and soil 
temperature and moisture regimes were included in a matrix 
and rated for each soil type to derive vulnerability to climate 
change. Using soil indicators, along with vegetation and 
geology layers, we can estimate nutrient content, SOM, and 
how well a soil retains moisture. These estimates were used 
to assign a rating for soil vulnerability to climate change 
(table 4.3). The higher the point value rating, the more 
resilient and resistant the soil resources are to the effects of 
a warmer and drier climate. This information was added to 
the soil attribute table in a geographic information system 
(GIS). Potential focus areas for fieldwork verification and 
for recommended vegetation projects to meet desired condi-
tions were identified by creating intersects for vegetation 
attributes of interest. An example of an interpretive map is 
shown in figure 4.19.

The value ranges or ratings will be used to focus atten-
tion on soil resources that best meet vegetation management 
objectives. Soils that are more suitable or resistant to change 
(less vulnerable to climate change) are those expected to 
better maintain soil moisture and nutrient conditions favor-
able for the vegetative communities present. These soils will 
be areas of opportunity for vegetation management designed 
to sustain existing vegetation community types.

Conclusions from the soil vulnerability analysis include:

1. Sustaining aspen vegetative communities within 
the project area will be one of the objectives of the 
project. Vegetative treatments will be implemented 
to promote aspen retention and increase diversity 
of aspen age classes. The climate change soil 
vulnerability rating was determined for each of the 
aspen polygons in the treatment area. An examination 
of the rating criteria showed some aspen stands with 

Table 4.2—Final rating classes for soil vulnerability to climate change, based on a combination of soil temperature/
moisture rating and soil organic carbon rating.

Organic carbon 
rating = Low

Organic carbon 
rating = Moderate

Organic carbon 
rating = High

Organic carbon 
rating = Very high

Temperature/moisture 
rating = Low

Low Low Moderate High

Temperature/moisture 
rating = Moderate

Low Moderate Moderate High

Temperature/moisture 
rating = High

Moderate Moderate High Very High

Temperature/moisture 
rating = Very high

High High Very High Very High
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Figure 4.18—Soil vulnerability to climate change in the Intermountain Adaptation Partnership region, 
based on ratings in table 4.2 (combination of soil temperature/moisture and soil organic carbon).
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Figure 4.19—Example of soil vulnerability to climate change at a small spatial scale, based on ratings in 
table 4.2 (combination of soil temperature/moisture and soil organic carbon). Numbers indicate soil 
series mapping units (not discussed here).
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a very high to high vulnerability rating and some 
with a moderate vulnerability rating. Aspen stands 
with a moderate vulnerability rating will be areas 
for recommended project work to maintain aspen 
community types. The aspen stands located within 
the high and very high vulnerability areas will not 
be recommended for aspen regeneration treatments 
unless a site visit indicates available water could be 
sustained in a warmer, drier climate.

2. Pinyon-juniper encroachment into shrublands and 
grasslands is occurring because of a lack of fire. 
Removal of the pinyon and juniper is recommended 
in areas that currently have mountain big sagebrush 
in the understory, with the objective of increasing 
sagebrush cover. Removal would be accomplished 
through mechanical treatments (mastication) and lop-
and-scatter. Very high to low soil vulnerability ratings 
were found across the project area where pinyon-
juniper exists. Soils that were rated as very high to 
high in vulnerability are areas with shallow soils 
and low available water holding capacity. Pinyon-
juniper may decrease in dominance in these areas 
with a reduction in available soil water due to climate 
change. Removal of pinyon and juniper may make 
these areas more susceptible to invasion by nonnative 
species such as cheatgrass. In areas rated as having 
low to moderate vulnerability to climate change, the 
ability to manage for restoration of shrublands may 
be higher as soils are expected to retain soil moisture 
longer. Site visits will be used to verify potential for 
management.

Summary and Conclusions
Climate change will alter fundamental physical processes 

in the IAP region, including hydrological processes and soil 
processes. Changes in physical processes will in turn affect 
biological processes, including soil microbial processes and 
vegetation growth and development. These physical and 
biological effects of climate change are complex and will be 
highly variable across the IAP region.

Warming temperatures will reduce snowpack accumula-
tion and advance snowmelt timing in the region. Despite 
mixed signals from precipitation and temperature changes 
in the historical record, future temperature changes are 
expected to be higher than historical temperature trends, 
and future precipitation declines are expected to be less 
pronounced—and increased precipitation is possible. Earlier 
streamflow center of timing is expected over much of the 
region, and summer low flows are expected to be lower. 
Total water yields may decrease due to increased ET, but 
precipitation amounts are uncertain. Increasing precipitation 
could outweigh ET effects on total water yields, but decreas-
ing precipitation could substantially exacerbate declines 
in annual water yield and low flows. The frequency and 
extent of midwinter flooding are expected to increase. Flood 

magnitudes are also expected to increase because rain-on-
snow-driven peakflows will become more common.

Places with seasonally intermittent snowpacks are 
likely to see snow more rarely. Some mid- to low-elevation 
seasonal snowpacks are likely to become intermittent. 
Higher-elevation snowpacks may or may not undergo 
substantial changes in April 1 SWE, snow residence time, or 
center of melt timing, depending on precipitation outcomes. 
In warmer locations, temperature-dependent changes are 
relatively robust even if precipitation increases. In colder 
locations, a precipitation increase within the range of pro-
jected possibilities could cancel or overwhelm the effects of 
even a relatively large temperature change. Alternatively, a 
precipitation decrease could exacerbate projected tempera-
ture-related declines.

Glacier accumulation zones are at some of the highest 
elevations of the region, so they may respond positively if 
precipitation increases. Annual dynamics of mass balance 
with respect to input and output suggest that the equilibrium 
line (demarcating places where annual snow does not 
completely melt each summer) will increase in elevation, 
regardless of precipitation; where that elevation falls on 
each glacier will influence glacier response. Most glaciers 
will be reduced in volume and area and may become small 
enough to prevent movement. If climate at higher elevations 
becomes both warmer and drier, glaciers are unlikely to 
persist.

Groundwater recharge is likely to decrease in the 
southern portion of the IAP region, but changes in recharge 
remain uncertain throughout the region given limited 
understanding of mountain recharge processes and ground-
water flow in mountain blocks. Groundwater recharge has 
been examined in only a few locations, and little is known 
about groundwater recharge processes in many watersheds. 
Higher minimum temperatures will reduce the longevity of 
snowpack, and decrease the length of time aquifer recharge 
can occur, potentially leading to faster runoff and less 
groundwater recharge. Some watersheds will be shifting 
from snow-dominated to rain-dominated, which may result 
in declines in groundwater recharge. Because many biologi-
cal processes are temperature dependent, climate-induced 
changes in groundwater temperature may negatively affect 
aquatic communities. But because the thermal regime of 
groundwater systems is less dependent on air temperature 
patterns than on surface waters, the effects of rising air tem-
peratures are likely to be less pronounced in groundwater 
discharges. Plant species in GDEs can respond to even slight 
changes in water table elevation, and shifts in composition 
of both vascular and bryophyte species could occur with 
lowered water tables.

Soil temperature and moisture are the primary drivers of 
change for all soil processes. The magnitude of projected 
change in soils with climate change is variable and depends 
on existing soil resources and existing climate. An increase 
in soil temperature will generally produce an increase in soil 
biological activity and soil respiration. In the current semi-
arid soils of the IAP region, an increase in soil temperature 
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without an increase in soil moisture is likely to result in 
reduced biological activity, increased respiration, and 
decreased potential to store carbon. In the colder and wetter 
areas of the IAP region, an increase in soil temperature may 
lead to greater biological activity and to longer growing 
seasons if soil moisture is not limiting. Soils derived from 
coarse-textured parent material will transfer heat more ef-
ficiently down into the soil profile than will fine-textured 
soils. The heat transfer downward can affect soil processes 
and even groundwater temperatures. Fine-textured soils are 
capable of storing water longer in the soil profile, providing 
a buffer to warming and higher water demands by plants.

Changes in soil temperature and moisture will affect 
carbon and nitrogen cycles. Changes to carbon and nitrogen 
cycles may include an increase or reduction in cycling rates 
or storage of carbon and nitrogen. Soil organic carbon may 
contain more than three times as much carbon as is found 
in the atmosphere or terrestrial vegetation, and it supports 
many soil processes and functions. These include provid-
ing nutrients for plants, binding soil particles together and 
thereby maintaining structure, providing an energy source 
for microbes, increasing water infiltration and retention, and 
providing cation/anion exchange for retention of ions and 
nutrients. Climate change will affect SOC and ultimately the 
functions and processes supported by SOC. Most of the soils 
in the IAP region can sequester additional carbon if soil 
temperatures decrease and soil moisture increases. However, 
most climate models suggest warmer soil temperatures and 
various soil moisture changes. The warming temperatures 
without additional moisture may reduce SOC and capability 
of soils to store carbon.

Changes to SOC with climate change can cause changes 
to several soil properties that are directly tied to the amount 
of SOC. These include soil structure, bulk density, and soil 
porosity. These soil properties affect water infiltration, root-
ing depth, soil erosional losses, and water holding capacity. 
These properties are potential indicators that can be used to 
determine the effects of climate change and where manage-
ment changes may be needed to adapt to a changing soil 
environment.

Soil organisms perform many functions including 
decomposition and nutrient cycling. The effects of climate 
change on soil biology are mixed. Warming of the soil may 
result in greater microbial activity, releasing more carbon to 
the atmosphere through increased decomposition. Warming 
of the soil may also result in slowed microbial growth and 
less carbon being released through respiration. Greater soil 
biodiversity is expected to increase soil resilience to chang-
ing climate.

Potential effects to soil chemical properties with climate 
change are linked to other biological and physical changes 
in the soil, all of which are driven by the soil temperature 
and moisture inputs. Salinization, acidification, pH, and 
cation exchange capacity are soil processes and properties 
that will change with changes to climate. In general, the 
lower-elevation, drier shrubland and grassland soils are 

more vulnerable to changes in soil chemical processes and 
properties.

There are many potential management actions to de-
crease vulnerabilities to climate change. The information 
in this chapter was used as the basis for development of 
climate change adaptation strategies and tactics for water 
use, GDEs, and soils (Appendix 4, Chapter 14).
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Introduction
The diverse landscapes of the Intermountain Adaptation 

Partnership (IAP) region contain a broad range of aquatic 
habitats and biological communities. A number of aquatic 
species are regional endemics, several are threatened or 
endangered under the U.S. Endangered Species Act (ESA), 
and many have declined because of the introduction of 
nonnative aquatic species, habitat fragmentation, and hu-
man development. Environmental trends associated with 
human-caused climate change have been altering the habi-
tats of these species for several decades (Barnett et al. 2008; 
Hamlet and Lettenmaier 2007; Luce and Holden 2009; Mote 
et al. 2005), and more significant changes are expected 
during the 21st century (chapters 3, 4). For animals that live 
in or near aquatic environments such as fishes, amphibians, 
crayfish, mussels, and aquatic macroinvertebrates, changes 
in habitat and hydrological regimes are expected to shift 
their abundance and distribution (Ficke et al. 2007; Hauer et 
al. 1997; Poff et al. 2002; Rieman and Isaak 2010; Schindler 
et al. 2008). This is primarily because many of these spe-
cies are ectothermic; thus, thermal conditions dictate their 
metabolic rates and most aspects of their life stages—how 
fast they grow and mature, whether and when they migrate, 
when and how often they reproduce, and when they die 
(Magnuson et al. 1979). Buffering these changes are the 
topographic diversity and steep environmental gradients of 
many landscapes throughout the IAP region, which con-
tribute to slow climate velocities (sensu Loarie et al. 2009) 
and often create climate refugia where populations of many 
species can persist under all but the most extreme climatic 
changes (Isaak et al. 2016a; Morelli et al. 2016).

A large literature exists that describes the many interac-
tions among climate change, aquatic environments, and 
cold-water fishes such as trout, salmon, and char (Hauer 
et al. 1997; Isaak et al. 2012a,b; ISAB 2007; Mantua and 
Raymond 2014; Mantua et al. 2010; Mote et al. 2003; 
Rieman and Isaak 2010; Young et al. 2018). Rather than 
revisiting those sources, we focus on providing information 
specific to the IAP region. First, we describe the ecology, 
status, and climate vulnerabilities of species of concern. 
Through discussions with scientists and U.S. Department 
of Agriculture Forest Service (USFS) Intermountain 
Region staff and national forest resource managers, species 
were chosen for their perceived vulnerability to climate 
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change and their societal prominence as ESA-listed 
threatened and endangered species. The species are Rocky 
Mountain tailed frog (Ascaphus montanus), Idaho giant 
salamander (Dicamptodon aterrimus), western pearlshell 
mussel (Margaritifera falcata), springsnails (Pyrgulopsis 
spp.), Yosemite toad (Anaxyrus canorus), Sierra Nevada 
yellow-legged frog (Rana sierrae), bull trout (Salvelinus 
confluentus), and cutthroat trout (Oncorhynchus clarkii). 
Second, we develop spatially explicit model projections 
and geospatial datasets showing where bull trout and cut-
throat trout are most likely to occur in current and future 
climates. These projections are used to assess the potential 
and future distribution of suitable habitats for these species, 
but could also be used to design and implement long-term 
conservation strategies or monitoring programs. Although 
the availability of biological datasets and models for stream 
networks restricted our projections to trout in streams, 
the approach used here is easily extended to other aquatic 
species as more geographic data on these taxa are gathered 
and models are extended to standing waters. The preceding 
information was used to develop climate adaptation options 
for species of concern, including how new technologies and 
ongoing development of better information could enable 
strategic implementation of those options to maximize their 
effectiveness.

Analysis Area Network and 
Stream Climate Scenarios

This assessment encompasses all streams in the USFS 
Intermountain Region that flow through its 12 national 
forests and lands downstream of those forests. To delineate 
a network that represented streams within this area, geo-
spatial data for the 1:100,000-scale National Hydrography 
Dataset (NHD)-Plus Version 2 were downloaded from the 
Horizons Systems website (Horizon Systems Corp. http://
ww.horizon-systems.com/nhdplus/; McKay et al. 2012) 
and filtered by minimum flow and maximum stream slope 
criteria. Summer flow values predicted by the Variable 
Infiltration Capacity (VIC) hydrological model (Wenger 
et al. 2010) were obtained from the Western U.S. Flow 
Metrics website (USDA FS https://www.fs.fed.us/rm/boise/
AWAE/projects/modeled_stream_flow_metrics.shtml) and 
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linked to NHDPlus stream reaches. Reaches with summer 
flows less than 0.2 cubic feet per second, approximating a 
wetted width of 3 feet (based on an empirical relationship 
developed in Peterson et al. 2013b), or with slopes greater 
than 15 percent were trimmed from the network because 
they are rarely occupied by fish or other aquatic vertebrates 
(Isaak et al. 2017b). The steepest headwater reaches are also 
prone to frequent large disturbances (e.g., postfire debris tor-
rents) that may cause local extirpations of fish populations 
(Bozek and Young 1994; Miller et al. 2003). To exclude dry 
channels throughout much of the Great Basin, reaches that 
were coded as intermittent in the NHDPlus network were 
also trimmed. Application of these criteria resulted in a final 
network extent of 55,700 miles (fig. 5.1), which was almost 
evenly split between USFS (48 percent) and non-USFS (52 
percent) lands.

Scenarios representing mean August stream temperature 
were downloaded from the NorWeST website (USDA FS 
https://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.
html) and linked to reaches in the analysis network. 
NorWeST scenarios have a 0.6-mile resolution and were 
developed by applying spatial-stream network models 
(Isaak et al. 2016b, 2017b; Ver Hoef et al. 2006) to tempera-
ture records for 8,726 summers of measurement at 4,277 
unique stream sites within the IAP region. The predictive 
accuracy of the NorWeST model (cross-validated r2 = 0.91; 
cross-validated root mean square prediction error = 2.0 °F), 
combined with substantial empirical support, provided a 
consistent and spatially balanced rendering of temperature 
patterns and thermal habitat for all streams. To depict 
temperatures during a baseline period, we used the S1 sce-
nario, which represented average conditions for 1993–2011 
(hereafter 2000s). The mean August stream temperature 
during this period was 57 °F for all streams, although 
temperatures were significantly colder in streams flowing 

through national forests, where the average was 52 °F (table 
5.1, fig. 5.2).

Future stream temperature scenarios were also down-
loaded from the NorWeST website (USDA FS n.d.b) and 
chosen for the same climate periods (2030–2059, hereafter 
2040s; 2070–2099, hereafter 2080s) and emissions scenario 
(A1B) as those used for the streamflow analysis in the 
IAP hydrological assessment (Chapter 4). With respect to 
scenarios used in other chapters of the IAP assessment, the 
A1B scenario is similar to the RCP 6.0 scenario associated 
with CMIP5 simulations (Chapter 3). The future NorWeST 
scenarios used were S30 (2040s) and S32 (2080s), which 
accounted for differential sensitivity and slower warming 
rates of the coldest streams (Luce et al. 2014). Future stream 
temperature increases were projected to range from 1.4 to 
2.3 °F by mid-21st century and from 2.3 to 4.0 °F by late 
century, with variation occurring within and among river ba-
sins (table 5.2, fig. 5.2). Future temperature increases imply 
warming rates similar to those observed in recent decades 
(Isaak et al. 2012b, 2017a) and shifts of stream temperature 
isotherms upstream at 1,000 to 1,600 feet per decade (Isaak 
and Rieman 2013; Isaak et al. 2016a).

Changes in several ecologically relevant streamflow 
characteristics were discussed in the hydrological assess-
ment (Chapter 3), indicating that future snowmelt and 
spring runoff will occur earlier, summer flows will decrease, 
stream intermittency may increase in marginal areas, and 
more high-flow events will occur during the winter in 
transitional watersheds where air temperatures are near 
freezing (Hamlet and Lettenmaier 2007). Those projections 
concur with historical trends that show streams now run off 
1 to 3 weeks earlier in the spring (Stewart et al. 2005), and 
that summer flows have decreased 10 to 30 percent in the 
last 50 years (Leppi et al. 2012; Luce and Holden 2009). 
Hydrological changes make it likely that mountain wetlands 

Figure 5.1—Stream network showing channels with perennial flows for (a) the baseline period and (b) 2080s based 
on the A1B emissions trajectory. Increasing prevalence of red stream reaches late in the century indicates a trend 
towards lower summer flows as winter snow accumulations decrease and melt earlier in the spring.
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Table 5.1—Projected changes in mean August air temperatures, streamflow, and stream temperatures for major river basins 
in the Intermountain Adaptation Partnership region. Projections are based on the A1B emissions scenario represented by 
an ensemble of 10 global climate models that best predicted historical climate conditions during the 20th century in the 
northwestern United States (Hamlet et al. 2013; Mote and Salathé 2010). Additional details about scenarios are provided 
elsewhere (Hamlet et al. 2013; Wenger et al. 2010). For more information on flow, see the western United States flow metrics 
website (USDA FS n.d.c) and the Pacific Northwest Hydroclimate Scenarios Project website (University of Washington, 
Climate Impacts Group 2010). For more information on stream temperatures, see Isaak et al. (2017b), Luce et al. (2014), and 
the NorWeST website (USDA FS n.d.b).

2040s (2030–2059) 2080s (2070–2099)

NorWeST unita

Air  
temperature 

changeb

Streamflow
 change

Stream 
temperature 

changec

Air 
temperature 

change
Streamflow  

change

Stream 
temperature 

change

°F Percent °F °F Percent °F

Salmon River basin 5.9 -22.3 2.3   9.9 -31.4 3.7

Upper Snake River, Bear River  
 basins 5.8   -7.6 1.5   9.5   -9.5 2.4

Middle Snake River 5.8 -19.5 2.2   9.8 -26.7 3.7

Utah basins 4.7  +2.3 2.2 10.4  12.6 4.0

Lahontan basin 4.8  +2.6 1.4 10.7  +6.5 2.4

a Boundaries of NorWeST production units as described in USDA FS (n.d.c).
b Changes in air temperature and stream flow are expressed relative to the 1980s (1970–1999) baseline climate period.
c Changes in stream temperatures account for differential sensitivity to climate forcing within and among river basins as described in Luce et al. 

(2014) and USDA FS (n.d.c).

Figure 5.2—NorWeST August mean stream temperature maps interpolated from 8,726 summers of monitoring data at 4,277 
unique stream sites across the 55,700 miles of streams in the analysis area. Map panels show conditions for (a) the baseline 
period (2000s) and (b) late-century scenario (2080s). Networks were trimmed to represent potential fish-bearing streams by 
excluding intermittent reaches and those with slopes greater than 15 percent and summer flows less than 0.2 cubic feet per 
second. High-resolution digital images of these maps and ArcGIS databases with reach-scale predictions are available at the 
NorWeST website (USDA FS n.d.b).
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and moist areas near streams will become drier during future 
summer periods (Lee et al. 2015). Increased frequency or 
severity of wildfires in portions of the IAP region could also 
cause more extensive debris flows and channel disturbances 
in headwater streams with steep channels (Luce et al. 2012) 
(Chapter 3). Those combined changes suggest that stream 
environments and habitats for aquatic species will become 
more variable, subject to more disturbances, and gradually 
warmer throughout the rest of the 21st century.

Focal Species Ecology and 
Climate Vulnerability

Rocky Mountain Tailed Frog
The Rocky Mountain tailed frog occurs throughout 

central and northern Idaho, western Montana, and north-
eastern Oregon, but occurs within the IAP region only in 
Boise, Payette, Salmon-Challis, and Sawtooth National 
Forests. Populations inhabit steep, cold headwater streams, 
their distributions often extending upstream past waterfalls 
and cascades that limit fish distributions (Dunham et al. 
2007; Isaak et al. 2017b). After eggs hatch in late summer, 
tadpoles grow for 1 to 4 years before metamorphosing into 
adults, which reach sexual maturity after another 4 to 5 
years; local densities may be high (Hayes and Quinn 2015; 
Pilliod et al. 2013). Larval frogs are strictly aquatic, but 
adults often exploit cool, moist riparian zones to forage. 
Adult body size is 1 to 2 inches, and dispersal is limited, so 
floods and fire-related channel disturbances may suppress 
populations for some time after an event (Hossack and 
Pilliod 2011; Hossack et al. 2006). Populations are patchily 
distributed among headwater streams and show evidence of 
genetic divergence (Metzger et al. 2015).

The Rocky Mountain tailed frog is of conservation 
concern but does not appear on the sensitive species list of 
the Intermountain Region. Land use practices that warm 
streams, increase sedimentation, and reduce interstitial 
spaces in substrates or reduce habitat moisture (through loss 
of stream and terrestrial canopy cover) are thought to reduce 
habitat quality (Hayes and Quinn 2015). Nonnative fish 
predators may increase mortality where distributions over-
lap, as has been documented for other amphibians (Pilliod 
and Peterson 2001; Pilliod et al. 2010). Although existing 
data for tailed frogs suggest that the species occurs in many 
streams throughout its range (Isaak et al. 2017b), monitor-
ing data are not available to describe temporal trends in 
abundance.

Rocky Mountain tailed frogs require cold water, so 
increasing temperatures may decrease the suitability of 
warmer downstream habitats (Isaak et al. 2017b). Their 
long generation times and relatively low fecundity cause 
populations to rebound slowly from disturbances; thus, ex-
treme floods or postfire debris flows in steep channels may 
threaten persistence of some populations as climate change 
causes these events to become more common (Hossack and 
Pilliod 2011; Hossack et al. 2006). Tailed frog populations 
may also be negatively affected by more extreme summer 
droughts or wildfires that open riparian canopies, making 
areas adjacent to streams warmer and drier (Hossack and 
Pilliod 2011; Hossack et al. 2006).

Idaho Giant Salamander
The Idaho giant salamander occurs in northern and west-

central Idaho and a small portion of west-central Montana, 
but is found within the IAP region only in Boise and Payette 
National Forests. Populations are patchily distributed and 
often co-occur with native salmonids in headwater streams, 
although salamanders also occupy reaches farther upstream 
from which fish are excluded (Sepulveda and Lowe 2009). 

Table 5.2—Lengths of streams in the Intermountain Adaptation Partnership region (slope less than 15 percent and Variable Infiltration Capacity 
model-predicted summer flows greater than 0.2 cubic feet per second) categorized by mean August stream temperatures during the baseline 
and two future climate periods and by land administrative status. Values in parentheses are percentages of the total in the last column.

<46 °F 46–52 °F 52–57 °F 57–63 °F 63–68 °F >68 °F Totala

Forest Service 
lands

Miles (%) Miles (%) Miles (%) Miles (%) Miles (%) Miles (%) Miles (%)

2000s 3,872 (14.4) 11,061 (39.5)   8,799 (32.7)   3,014 (11.2)       559 (2.1)        37 (0.1)   27,305

2040s 1,644   (6.3)   8,692 (33.1)   9,994 (38.0)   4,790 (18.2)    1,016 (3.9)      141 (0.5)   26,277 

2080s    835   (3.2)   6,752 (26.2) 10,371 (40.2)   6,058 (23.5)    1,424 (5.5)      343 (1.3)   25,783 

Non-Forest Service 
lands

 
  

2000s      48 (0.2)      924 (3.2)   4,655 (16.2) 11,490 (39.9)   8,027 (27.9)   3,639 (12.6)   28,783 

2040s        6 (0.0)      348 (1.2)   2,896 (10.2)   9,242 (32.5)   9,767 (34.3)   6,185 (21.7)   28,444 

2080s        3 (0.0)      173 (0.6)   1,990   (7.0)   7,853 (26.8) 10,552 (37.3)   7,966 (28.2)   28,537 

a Reductions in network extent in future scenarios result from projected decreases in summer flows as described in Chapter 4.
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Giant salamander may also use lakes and ponds. Neotony 
(maturation as a strictly aquatic form with larval charac-
teristics) is common (Blaustein et al. 1995). Uncertainty 
exists about timing of reproduction, although some literature 
suggests both spring and fall spawning (Nussbaum 1969). 
Females guard egg masses until hatching occurs and larval 
stages last several years before metamorphosing into adults. 
Adults reach body sizes of 7 to 12 inches and prey on a 
variety of aquatic and terrestrial species, including tailed 
frog tadpoles, in and near streams (Blaustein et al. 1995). 
Dispersal is limited, and population genetic structure varies 
among basins (Mullen et al. 2010).

Idaho giant salamanders are of conservation concern but 
do not appear on the Intermoutain Region sensitive species 
list. There is some indication that land use practices may af-
fect their occurrence, but their patchy distribution and sparse 
datasets limit inferences about habitat requirements. They 
are prey for both native and nonnative fish species, but fish 
species presence is not known to affect their population sta-
tus (Sepulveda and Lowe 2011). Overall, their distribution 
is poorly described, and monitoring data are not available 
to evaluate temporal trends. Idaho giant salamander sen-
sitivities are presumed to be similar to Rocky Mountain 
tailed frogs, although the salamander may be even more 
susceptible to disturbance of headwater natal areas, given 
nest guarding behavior by females and multiyear develop-
ment of larval stages before maturity (Blaustein et al. 1995; 
Nussbaum 1969).

Western Pearlshell Mussel
The western pearlshell mussel is found throughout the 

Columbia River Basin, in a portion of the Missouri River 
headwaters in Montana, and in internally draining basins 
such as the Humboldt, Truckee, and Provo Rivers. It has 
been recorded in all national forests in the IAP region except 
the three southern Utah forests. This sedentary filter-feeder 
inhabits cool streams and rivers at depths of 1.5 to 3.0 feet, 
and tends to congregate in stable substrates amid boulders, 
gravel, and some sand, silt, and clay (Roscoe and Redelings 
1964). The species has limited mobility and will not tolerate 
accumulation of fine sediment. Western pearlshell larvae are 
obligate parasites of an array of salmonid species (Chinook 
salmon [O. tshawytscha], cutthroat trout, and rainbow trout 
[O. mykiss]; utilization of bull trout is unknown) and rely 
on these hosts for recruitment and dispersal (Karna and 
Milleman 1978; Meyers and Milleman 1977; Murphy 1942). 
Female mussels generally release larvae (or glochidia) in 
spring or early summer, depending on water temperature. 
Glochidia attach to fish gills and develop for a period of 
weeks to months. Once metamorphosed, juvenile mussels 
drop from their host fishes and burrow into the substrate 
(Murphy 1942).

The western pearlshell mussel ranges from Alaska and 
British Columbia south to California and east to Nevada, 
Wyoming, Utah, and Montana. Many examples exist of 
pearlshell decline or extirpation from streams and rivers 

across its range, especially in arid areas (Hovingh 2004; 
Stone et al. 2004). Threats include impoundments, loss of 
host fishes, channel modification, dredging and mining, pol-
lution, sedimentation, nutrient enrichment, water diversion, 
degradation of native riparian vegetation, and introduction 
of nonnative fishes that outcompete host species. Many of 
these impacts, especially reduction in streamflow and in-
creased stream temperatures, can be exacerbated by climate 
change.

The western pearlshell mussel occupies streams with 
broad ranges of thermal regimes, but nevertheless prefers 
cold water and perennial flows. Its habitat must also be suit-
able for its trout and salmon hosts, and mussel sensitivity to 
climatic variability will closely parallel that of salmonids. 
Although potentially vulnerable to climate change, the 
western pearlshell mussel does not face an immediate risk 
of extinction because it occupies such a broad geographic 
range.

Springsnails
Springsnails are hydrobiid snails that occur in freshwater 

habitats throughout much of western North America. About 
100 species inhabit the IAP region (Hershler et al. 2014). 
These tiny mollusks (shell length 0.04–0.31 inches) are 
widespread and locally abundant (often greater than 100 per 
square foot) in perennial, groundwater-dependent springs 
and brooks. Spring habitats may be either ambient tem-
perature or thermal, and springsnails are often concentrated 
near sources of groundwater discharge with stable water 
chemistry (Mladenka and Minshall 2001). They typically 
live on emergent plants and hard substrates, grazing on 
attached algae and fungi (Hershler 1998; Mladenka and 
Minshall 2001). They are gill breathers and do not tolerate 
desiccation.

Distributed from southern Canada to northern Mexico, 
the springsnail exhibits habitat specificity and low dispersal 
ability, which contribute to a high degree of endemism; 
many species occurr only within a single spring or seep 
(Hershler et al. 2014). Springsnails have life history traits 
that make them vulnerable to extinction. First, they have 
specialized habitat requirements, typically occurring in 
pristine, cold-water or thermal springs close to the spring 
source, where dissolved carbon dioxide and calcium con-
centrations are high (Mladenka and Minshall 2001; O’Brien 
and Blinn 1999). Slight changes in water chemistry or 
warming temperatures could negatively affect local popula-
tions (Jyväsjärvi et al. 2015). Second, springsnails are poor 
dispersers, and suitable habitats are generally isolated from 
each other by arid uplands. Once a springsnail population 
has been extirpated, it is unlikely to be naturally refounded. 
Threats to springsnails include groundwater pumping and 
aquifer drawdown, surface flow diversion for agriculture, 
impoundments, channelization of outflows, springhead 
development, physical alteration of thermal springs for bath-
ing, overgrazing, and nonnative species (e.g., New Zealand 
mudsnail [Potamopyrgus antipodarum]).
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The limited ability of springsnails to disperse and their 
narrow environmental tolerances make them vulnerable to 
emerging threats associated with climate change. Because 
they require particular hydrological conditions, specific 
and stable temperature regimes, and perennial flows, some 
taxa (e.g., eight Nevada springsnail species) have been 
rated as “extremely vulnerable” using the Climate Change 
Vulnerability Index (Young et al. 2012).

Yosemite Toad
The Yosemite toad occurs in the Sierra Nevada, restricted 

primarily to publicly managed lands at high elevations 
(3,000–12,000 feet) (Brown et al. 2015). It inhabits ponds 
and wet meadows as well as drier upland sites. Adult toads 
emerge from their overwintering refuges in rodent burrows 
or underground cover from late April to late June, depending 
on elevation and year (Brown et al. 2012). Females lay ap-
proximately 1,000 eggs per clutch in shallow standing water 
amid emergent vegetation. After hatching, tadpoles require 
4 to 6 weeks to reach metamorphosis and are not known to 
overwinter (Jennings and Hayes 1994; Kagarise Sherman 
1980; Karlstrom 1962). Adults spend most of their lives in 
upland habitats adjacent to breeding sites, and are capable 
of moving and dispersing several hundred feet through dry 
forests.

Yosemite toad populations are in decline. The Yosemite 
toad, once common in high-elevation aquatic ecosystems of 
the Sierra Nevada, had disappeared from half its historical 
range by the 1990s (Jennings 1996). More recent surveys 
indicate an 87-percent decline from watersheds occupied be-
fore 1990, with scattered remaining populations and fewer 
individuals per site (Brown et al. 2015). Toads were most 
recently recorded at 470 sites in 5 national forests (17 sites 
in Humboldt-Toiyabe National Forest) and about 100 more 
sites in national parks (Brown et al. 2015). Several factors, 
such as disease, drought, airborne contaminants, habitat 
alteration, water diversions, nonnative fishes, and wildfire, 
may have contributed to the declines, but there is no clear 
evidence targeting any particular threat (Brown et al. 2015).

The dependence of Yosemite toad on shallow, ephemeral 
breeding ponds filled by melting snow makes the species 
susceptible to risks of climate change (Kagarise Sherman 
and Morton 1993). Models project that climate change will 
lead to higher average temperatures in all seasons, higher 
precipitation, and decreased spring and summer runoff due 
to decreased snowpack (Smith and Tirpak 1989) (Chapter 
4). Less runoff could affect egg and tadpole survival by 
premature drying of breeding sites. Earlier snowmelt could 
lead to earlier breeding with possible positive effects on 
developmental time, but negative effects and mortality from 
uncertain weather patterns. For example, toads that emerge 
early risk starvation or death in late-spring snowstorms 
(Kagarise Sherman and Morton 1993).

Sierra Nevada Yellow-Legged Frog
The Sierra Nevada yellow-legged frog currently in-

habits the Sierra Nevada, restricted primarily to publicly 
managed lands at high elevations (4,500–12,000 feet), 
including streams, lakes, ponds, and meadow wetlands in 
Humboldt-Toiyabe National Forest (CDFG 2011). The spe-
cies is highly aquatic during all times of the year (Mullally 
and Cunningham 1956). At high elevation, both frogs and 
tadpoles overwinter under ice in lakes and streams, and 
because tadpoles require 1 to 4 years to metamorphose, 
successful breeding sites cannot dry out in summer and need 
to be deep enough to preclude complete freezing or deoxy-
genation (Bradford 1983). Although almost always found in 
or near water, the frog moves seasonally between breeding 
ponds, foraging, and overwintering habitats, usually along 
watercourses. However, individuals are capable of mov-
ing several hundred feet over dry land, which facilitates 
recolonization of sites that have lost populations (Pope and 
Matthews 2001).

The Sierra Nevada yellow-legged frog was listed as en-
dangered under the ESA after populations declined severely 
during the 20th century due to chytridiomycosis disease 
(caused by the chytrid fungus [Batrachochytrium dendroba-
tidis]), predation from nonnative fishes, livestock grazing, 
habitat loss and fragmentation, and perhaps airborne 
contaminants from the Central Valley (CDFG 2011). The 
species was estimated to be extirpated from 220 of 318 his-
torical occurrence localities and most remaining populations 
were thought to have fewer than 100 post-metamorphic in-
dividuals (CDFG 2011). During the last 20 years, however, 
yellow-legged frog populations have increased significantly 
in Yosemite (Knapp et al. 2016). The disappearance of 
nonnative fish from numerous water bodies after cessation 
of stocking, combined with reduced susceptibility to chy-
tridiomycosis, are thought to have stimulated the recovery 
(Knapp et al. 2016).

Sierra Nevada yellow-legged frogs may be vulnerable 
to climate change because the species relies on perennial 
waterbodies and needs several years to metamorphose and 
mature (Mullally and Cunningham 1956). Climate change 
could result in greater interannual climatic variability or 
drier summers and cause lakes, ponds, and other standing 
waters fed by snowmelt or streams to dry more frequently, 
which would reduce available breeding habitat and lead to 
more frequent stranding and death of tadpoles (Lacan et 
al. 2008). On the other hand, projected earlier snowmelt is 
expected to cue breeding earlier in the year, which could 
allow additional time for tadpole growth and development. 
However, earlier breeding may also expose young tadpoles 
and eggs to mortality from early spring frosts (Corn 2005).

Bull Trout
Bull trout are broadly distributed across the northwestern 

United States but are restricted to the northwestern portion 
of the IAP region in Boise, Humboldt-Toiyabe, Payette, 
Salmon-Challis, and Sawtooth National Forests (Rieman et 
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al. 1997) (fig. 5.3). Populations may exhibit migratory or 
resident life histories. Migratory fish travel long distances 
as subadults to more productive habitats and achieve larger 
sizes and greater fecundity as adults before returning to 
cold natal headwater habitats to spawn (Howell et al. 2010; 
Rieman and McIntyre 1993). Fish exhibiting resident life 
histories remain in natal habitats and mature at smaller sizes, 
though often at the same age as migratory adults. Adults 
spawn primarily in September, and eggs incubate through-
out the winter before juveniles hatch and emerge from 
stream substrates in late winter or early spring (Dunham 
et al. 2008). Reproduction and juvenile growth for the first 
2 to 3 years is almost exclusively in streams with average 
August water temperatures less than 54 °F and flows greater 
than 1.2 cubic feet per second (Isaak et al. 2015). Bull trout 
populations are typically low density, even among strong 
populations in the best habitats (Isaak et al. 2017b; Rieman 
et al. 2006).

The bull trout is a sensitive species in the Intermountain 
Region and is ESA-listed as threatened (USFWS 2014). 
Their historical distribution has declined because of water 
development and habitat degradation (e.g., simplifica-
tion of in-channel habitat complexity and fragmentation 
of some habitats), temperature increases, elimination of 

migratory life histories by anthropogenic barriers, harvest 
by anglers, and interactions with introduced nonnative fishes 
(Al-Chokhachy et al. 2010; Rieman et al. 1997, 2007). 
Encounters with nonnative fishes may involve wasted repro-
ductive opportunities (e.g., interbreeding with brook trout 
[Salvelinus fontinalis]) (Kanda et al. 2002), competition, 
and predation (in streams, perhaps with brown trout [Salmo 
trutta]; in lakes, with lake trout [Salvelinus namaycush]) 
(Al-Chokhachy et al. 2016b; Martinez et al. 2009).

Bull trout evolved in western North America in interior 
and coastal streams that exhibit a wide array of flow char-
acteristics and natural disturbance at scales from reaches to 
riverscapes (Dunham et al. 2003, 2008). Nevertheless, large 
habitats satisfying their restrictively cold thermal require-
ments for spawning and early juvenile rearing are relatively 
rare, and little evidence exists for flexibility in habitat use 
(Rieman et al. 2007). The length of connected cold-water 
habitats needed to support a bull trout population varies 
with local conditions, but current estimates suggest 10 to 
30 miles are needed to ensure a high probability (>0.9) of 
habitat occupancy, with specifics contingent on water tem-
perature, prevalence of brook trout, and stream slope (Isaak 
et al. 2015). Migratory life histories probably conferred 
greater resistance to extirpation under historical conditions 

Figure 5.3—Native range distributions of (a) cutthroat trout and (b) bull trout in the Intermountain Adaptation 
Partnership region. The ranges of six cutthroat trout subspecies occur partly or wholly in this area.
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(Dunham et al. 2008; Rieman and Dunham 2000), but may 
no longer do so in some areas. Bull trout may also be sensi-
tive to larger or more frequent winter high flows because 
eggs incubate in stream substrates throughout the winter 
where they are susceptible to bed-scour (Goode et al. 2013; 
Wenger et al. 2011a).

Cutthroat Trout
Cutthroat trout are represented by six subspecies in the 

IAP region: westslope cutthroat trout (O. clarkii lewisi), 
Yellowstone cutthroat trout (O. c. bouvieri), Lahontan 
cutthroat trout (O. c. henshawi), Paiute cutthroat trout (O. 
c. seleniris), Bonneville cutthroat trout (O. c. utah), and 
Colorado River cutthroat trout (O. c. pleuriticus) (Behnke 
2002) (fig. 5.3). Although there was no historical overlap 
in the distribution of these subspecies, one or more were 
distributed throughout all national forests in the IAP region 
except where perennial streams are lacking (e.g., southern 
Nevada). These subspecies have a complex evolutionary 
history with two major clades (Crête-Lafrenière et al. 2012; 
Loxterman and Keeley 2012). One consists of westslope, 
Lahontan (including Paiute), and coastal cutthroat trout, 
and the other includes the rest of the interior subspecies. 
Phylogeographic structure in the latter group suggests that 
another one to four taxa may be present (Loxterman and 
Keeley 2012; Metcalf et al. 2012), but we confine our dis-
cussion to the prevailing taxonomy (Behnke 2002).

Cutthroat trout exhibit resident and migratory life history 
strategies similar to bull trout, but are spring spawners that 
reproduce in stream reaches where August temperatures 
are slightly warmer (up to 57 °F) (Isaak et al. 2015). Cold 
stream reaches where average August temperatures are less 
than 48 °F are suboptimal for cutthroat trout because of fre-
quent recruitment failures associated with small numbers of 
growing degree days (Coleman and Fausch 2007). Cutthroat 
trout populations are generally found at higher densities 
than are bull trout (Isaak et al. 2017b).

Among cutthroat trout, all subspecies are either ESA-
listed as threatened (Lahontan cutthroat trout [USFWS 
1995] and Paiute cutthroat trout [USFWS 1985]) or have 
been petitioned for listing and found not warranted. Those 
not listed are on the Intermountain Region sensitive spe-
cies list (Bonneville, Colorado River, westslope, and 
Yellowstone cutthroat trout). Distributions of these subspe-
cies have declined more than 50 percent in response to the 
same stressors affecting bull trout (Behnke 2002; Shepard et 
al. 2005). Declines in response to nonnative species can be 
more severe than in bull trout, probably because cutthroat 
trout historically used slightly warmer habitats and overlap 
with more nonnative species. Brook trout have replaced 
cutthroat trout in many waters in the IAP region (Benjamin 
and Baxter 2012; Dunham et al. 2002a). These invasions 
seem to be influenced by the distribution of low-gradient 
alluvial valleys that may serve as nurseries for brook trout 
(Benjamin et al. 2007; Wenger et al. 2011a). Introduced 
rainbow trout have introgressively hybridized with cutthroat 

trout at lower elevations and in warmer streams (>50 °F) 
across their historical ranges (McKelvey et al. 2016), 
although genetically pure populations often persist in cold 
headwaters where climatic conditions limit the expansion 
of hybrid zones from downstream areas (Young et al. 2016, 
2017).

Cutthroat trout occupy a broader thermal and stream 
size niche than do bull trout and can persist in small habitat 
patches for extended periods (Peterson et al. 2013a; Whitely 
et al. 2010). However, they still require cold-water natal 
habitat patches exceeding 2 to 6 miles to have a high prob-
ability of persistence (Isaak et al. 2015), with the habitat size 
depending on the prevalence of brook trout, water tempera-
tures, and stream slope. Temperatures at the upstream extent 
of cutthroat trout populations in extremely cold streams will 
become more suitable from climate warming, but that trend 
may be countered by decreasing flows as snowmelt and 
runoff occur earlier (Chapter 3).

Climate Vulnerability and Adaptive 
Capacity of Focal Species

Warmer temperatures and declining summer streamflows 
will have broadly similar effects on aquatic species in 
the IAP region by reducing habitat volumes in perennial 
streams, fragmenting large habitat patches into smaller 
areas of suitable habitats (Isaak et al. 2012a; Rieman and 
Isaak 2010; Rieman et al. 2007), and shifting thermally 
suitable habitats upstream (Isaak et al. 2016a). Nonnative 
trout species more tolerant of warmer temperatures—brook 
trout, rainbow trout, and brown trout—will expand their 
distributions upstream and further constrain, replace, or prey 
on native trout and amphibians in some stream reaches. The 
relatively warm thermal niches of most nonnative species 
other than brook trout will restrict them from colonizing the 
coldest headwater streams, so refugial habitats, mostly at 
higher elevations, will continue to persist in some mountain-
ous areas for the foreseeable future.

Wildfires may cause more extensive geomorphic distur-
bances and debris flows into streams, especially the smallest 
and steepest channels at the upstream extent of the drain-
age network (Miller et al. 2003; Sedell et al. 2015). Less 
water, more variable environments, and declining fluvial 
connectivity (e.g., from water development or interac-
tions with road culverts) may favor resident life histories, 
as would greater separation between spawning and adult 
growth habitats. Smaller, more isolated populations will be 
more susceptible to extirpation from local environmental 
disturbances and during years of extreme drought and high 
summer water temperatures.

Species-specific vulnerabilities to these changes depend 
on the nexus among species ecological attributes, rates 
at which habitats are changing, and extent of current dis-
tributions (table 5.3). Bull trout and some cutthroat trout 
subspecies (e.g., westslope cutthroat trout, Yellowstone 
cutthroat trout) are moderately vulnerable because they 
are widely distributed, have good dispersal abilities, and 
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occupy headwater habitats that are relatively resistant to 
thermal changes. Other subspecies of cutthroat (Bonneville, 
Lahontan, and Paiute cutthroat trout) are more vulnerable 
because distributions are limited to small numbers of iso-
lated stream habitats.

Vulnerability of western pearlshell mussel will track that 
of their native trout hosts, but summer flow declines may be 
especially problematic because adult mollusks are immo-
bile. Debris flows triggered by increased wildfire frequency 
could extirpate local mussel populations, although the 
species usually inhabits low-gradient stream reaches, where 
those events are rare (Stagliano 2005). However, fine sedi-
ments from debris flows could propagate downstream and 
smother mussel beds. Rocky Mountain tailed frog and Idaho 
giant salamanders are poor dispersers occupying headwater 
habitats and could be vulnerable to debris flows and more 
frequent disturbances.

Reduced aquifer recharge caused by altered seasonal 
precipitation and runoff could adversely affect groundwater-
dependent and lake ecosystems that support endemic taxa 
such as springsnails, Yosemite toad, and Sierra Nevada 

yellow-legged frog (Burns et al. 2017; Hershler et al. 2014; 
Jyväsjärvi et al. 2015). The extreme endemism of spring-
snails means that the drying of individual springs could 
result in extirpation or extinction of a species. Arid land 
springs, which provide habitat for most springsnail species, 
are usually isolated, and dispersal of snails may be impos-
sible without assistance by humans or other animal vectors. 
Recent and abrupt declines in the number and extent of 
Yosemite toad puts this species at high risk regardless of 
climate-induced environmental change. Altered aquatic 
habitat conditions, especially the greater environmental 
stochasticity that is expected, are predicted to exacerbate 
existing stressors and further degrade the resilience of re-
maining populations.

Niche conservatism suggests there is little capacity for 
rapid evolutionary or physiological adaptations to warmer 
water temperatures or desiccation within the aquatic spe-
cies considered here (McCullough et al. 2009; Narum et 
al. 2013; Wiens et al. 2010). However, species with good 
dispersal abilities may track shifting habitats or recolonize 
previously disturbed habitats or those that have been 

Table 5.3—Summary of anticipated vulnerability of selected aquatic species to climate change in the Intermountain Adaptation 
Partnership (IAP) region.

Species or subspecies
Taxonomy and 

phylogeography Range extenta
Population 

trend
Climate 

vulnerability Comment

Bull trout Resolved
Locally common in north and 
elsewhere Stable Moderate ESA listedb

Cutthroat trout 
subspecies

  Paiute Resolved Narrow endemic in west Stable High ESA listed

  Yellowstone Resolved
Widespread in northeast and 
elsewhere Stable Moderate

  Westslope Resolved
Widespread in north and 
elsewhere Stable Moderate

  Colorado River Pending Widespread in east and elsewhere Stable Moderate

  Bonneville Pending Restricted distribution in east Stable Moderate

  Lahontan Resolved Restricted distribution in west Stable High ESA listed

Western pearlshell 
mussel Resolved

Widespread in north and 
elsewhere Unknown Moderate

Springsnails Partially resolved Widespread Unknown High

Idaho giant salamander Resolved
Restricted distribution in north and 
northern Idaho Unknown Moderate

Rocky Mountain tailed 
frog Resolved

Restricted distribution in north but 
more common elsewhere Unknown Moderate

Yosemite toad Resolved Restricted distribution in west Declining High

Warranted 
but 

precluded

Sierra Nevada yellow-
legged frog Resolved Restricted distribution in west Increasing High ESA listed

a Geographic location (north, west, etc.) refers to IAP region only.
b ESA refers to U.S. Endangered Species Act.
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recently restored as long as artificial barriers do not impede 
their movement (Fausch et al. 2009). Some species exhibit 
both migratory and resident life history strategies, and the 
relative frequencies of these strategies may evolve based on 
how climate change affects metabolic rates, water tempera-
ture, stream productivity, and connectivity. Development 
of disease resistance or other adaptive responses associated 
with phenology may also bolster population resilience in 
ways that allow species to persist in dynamic environments 
(Knapp et al. 2016; Kovach et al. 2012).

Climate Refugia for Native Trout

Trout Distribution Model and Scenarios
Species distribution models for bull trout and cutthroat 

trout were developed previously in the Coldwater Climate 
Shield (CS) project by compiling large species occur-
rence datasets (more than 4,000 sites in over 500 streams) 
from field biologists, peer-reviewed literature, and State 
and Federal agency reports (Isaak et al. 2015). The CS 

models use the high-resolution stream temperature and 
flow scenarios described earlier with stream slope and the 
prevalence of brook trout as predictor variables in logistic 
regression models that predict occurrence probabilities of 
juvenile bull trout and cutthroat trout in cold-water habitat 
(CWH) patches (fig. 5.4). Juvenile occurrence is used as an 
indicator of important natal habitat locations and serves as 
evidence of locally reproducing populations for salmonid 
fishes (Dunham et al. 2002b; Rieman and McIntyre 1995). 
The CS models are also designed to identify CWHs that are 
too cold (<52 °F mean August temperature) for invasions 
by most nonnative species other than brook trout and thus 
should require limited management interventions to support 
native trout populations.

Previously, Young et al. (2018) applied the CS models 
to describe bull trout and cutthroat trout distributions and 
refugia in the Northern Rockies Adaptation Partnership 
region (Halofsky et al. 2018). Here, we repeat that ex-
ercise and summarize CS model predictions for native 
trout populations across the IAP region. Information for 
these summaries was downloaded from the CS website 
(USDA FS https://www.fs.fed.us/rm/boise/AWAE/projects/

Figure 5.4—Relationships between predictor variables in the Climate Shield models and the probability 
of occupancy by juvenile native trout for (a–c) 512 bull trout and (d–f) 566 cutthroat trout streams 
characterized by cold-water habitats less than 52 °F (from Isaak et al. 2015). Relationships shown 
are conditioned on mean values of the two predictors not shown in a panel. An exception occurs for 
cutthroat trout with regard to stream slope (panel f), where brook trout values of 0 and 100 percent 
were used to highlight the interaction between these covariates. 
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ClimateShield.html), which also provides extensive metada-
ta descriptions, a user-friendly digital map archive (fig. 5.5), 
and geospatial databases showing stream-specific model 
predictions for all streams in the USFS Northern, Rocky 
Mountain, Intermountain, and Pacific Northwest Regions in 
the western United States.

Scenarios used to assess native trout distributions were 
based on the same climate periods (2040s and 2080s) and 
A1B trajectory already described earlier for the NorWeST 
stream temperature and VIC scenarios. To account for un-
certainties in brook trout distributions across the IAP region, 
native trout occupancy probabilities were also summarized 
for a pristine scenario (no brook trout) and a broad invasion 
scenario that assumed brook trout would be present at half 
the sites within each CWH (50-percent brook trout). For the 
IAP region, we did not summarize a scenario in which brook 
trout were present at all sites because their prevalence rarely 
exceeded 50 percent in the largest cold-water habitats (>25 
miles), which are most likely to serve as strongholds for 
native trout (see Appendices S2 and S3 in Isaak et al. 2015), 
and because not all stream locations are suitable for brook 
trout (Isaak et al. 2017b; Wenger et al. 2011a). Brook trout 
prevalence may reach 100 percent in small, low-gradient 
streams, so native trout probabilities for a full range of inva-
sion scenarios (0-, 25-, 50-, 75-, and 100-percent brook trout 

prevalence) have been calculated and integrated into the CS 
geospatial databases to facilitate stream-specific assessments 
(if local information is available on brook trout prevalence).

Cutthroat Trout Status and Projected 
Trends

Invasion-resistant streams with mean August tempera-
tures less than 52 °F encompassed 15,000 miles of the 
56,000-mile network draining the IAP region during the 
baseline period; 94 percent of those cold streams are on 
national forests (table 5.2). The number of discrete CWHs 
that were potentially occupied by juvenile cutthroat trout 
during the baseline period was estimated to be 2,600 and en-
compassed nearly 13,000 stream miles across all subspecies 
(table 5.4, fig. 5.6). Three subspecies—Lahontan cutthroat 
trout, Bonneville cutthroat trout, and Paiute cutthroat 
trout—had restricted ranges and are summarized separately 
(table 5.5). Bonneville and Lahontan cutthroat had about 
620 miles of CWHs during the baseline period, whereas 
habitat for the Paiute cutthroat trout was less than 12 miles 
because it occurred in only a few streams.

Across all cutthroat trout subspecies, 89 percent of 
CWHs were predicted to have probabilities of occupancy 
exceeding 50 percent in the current period if brook trout 

Figure 5.5—Example of a detailed Climate Shield map that shows probabilities of juvenile cutthroat trout 
occupancy in cold-water stream habitats. Information is available for three climate periods and five 
brook trout invasion scenarios for bull trout and cutthroat trout streams in the Intermountain Adaptation 
Partnership region at the Climate Shield website (USDA FS n.d.a).
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were absent (table 5.4), largely because of the relatively 
small stream networks that a cutthroat trout population 
requires for persistence (e.g., 6 miles is associated with a 
90-percent probability of occupancy) (fig. 5.4). Nonetheless, 
the largest CWHs accounted for a disproportionate amount 
of the habitat most likely to be occupied; 35 percent of 
CWHs had probabilities greater than 90 percent, but these 
accounted for 68 percent of the length of CWHs. As ex-
pected, the number and extent of CWHs were predicted to 
decrease substantially (14–50 percent) in future periods, but 
1,845 potential habitats encompassing almost 6,500 miles 
were projected to remain in the extreme 2080 scenario.

Where headwater stream reaches are currently too cold 
for cutthroat trout, future warming may increase habitat suit-
ability and the probability of occupancy in portions of the 
Uinta Mountains and other cold streams draining the upper 
Green, Salmon, and Snake Rivers. As expected, the brook 
trout invasion scenario did not affect the number or amount 
of CWHs because the habitats remained potentially suitable 
for cutthroat trout, but occupancy probabilities declined 
(table 5.4). The sensitivity of streams to brook trout inva-
sions varies with local conditions, but impacts were most 
pronounced in small CWHs with low slopes (fig. 5.4).

Bull Trout Status and Projected Trends
The historical range of bull trout occupies a smaller por-

tion of the IAP region than cutthroat trout, so the number 
of discrete CWHs for bull trout during the baseline climate 
period was estimated to be 984, encompassing 7,700 
miles (table 5.6, fig. 5.7). In contrast to cutthroat trout, 

most CWHs for bull trout had probabilities of occupancy 
less than 50 percent because of the relatively large stream 
networks that bull trout require (30 miles is associated with 
a 90-percent probability of occupancy) (fig. 5.4). Although 
only 8 percent of CWHs had probabilities greater than 90 
percent, they provided 36 percent of the total length of 
CWH, emphasizing the contribution of large CWHs to the 
amount of habitat predicted to be occupied. The require-
ment for larger CWHs caused projected decreases in the 
number (9–28 percent) and network extent (35–57 percent) 
of bull trout CWHs to be more substantial than those for 
cutthroat trout, particularly for the CWHs with the highest 
probabilities of occupancy. However, more than 700 CWHs 
representing 3,330 miles were projected to remain even in 
the extreme 2080 scenario.

Similar to the effect on cutthroat trout, the brook trout 
invasion scenario showed reduced bull trout occupancy 
rates (especially in CWHs with greater than 50-probability 
of occupancy), and as few as three to four CWHs with 
probabilities greater than 90 percent remained under the 
extreme warming scenario with a ubiquitous brook trout 
presence. However, many of the large bull trout habitats are 
less susceptible to broad-scale brook trout invasions given 
the preference by the latter species for small low-gradient 
streams (Dunham et al. 2002a; Isaak et al. 2015). Not 
surprisingly, CWHs with the highest bull trout occupancy 
probabilities in all scenarios coincided with river networks 
containing the largest number of cold streams (headwater 
portions of the Boise, Middle Fork Salmon, and Upper 
Salmon Rivers) (fig. 5.7).

Table 5.4—Number and length of cold-water habitats for all subspecies of juvenile cutthroat trout by probability of occurrence 
for three climate periods and two brook trout invasion scenarios in the Intermountain Adaptation Partnership region.

Probability of occurrence (percent)
Total cold-

water habitatsPeriod <25 25–50 50–75 75–90 >90

Cold-water habitat number -------------------------------------Number-------------------------------------

    0% brook trout prevalence 2000s   73 206    540    872    909   2,600

2040s   49 170    544    791    680   2,234

2080s   66 252    479    572    476   1,845

    50% brook trout prevalence 2000s   80 261 1,296    736    227   2,600

2040s   50 193 1,152    606    233   2,234

2080s   66 260    975    440    104   1,845

Cold-water habitat length ---------------------------------------Miles----------------------------------------

    0% brook trout prevalence 2000s 215 388 1,272 2,322 8,794 12,776

2040s   68 288    951 1,858 5,871   9,036

2080s   93 398    931 1,402 3,665   6,489

    50% brook trout prevalence 2000s 578 864 2,894 4,447 4,208 12,991

2040s 140 386 2,202 3,047 3,260   9,035

2080s   93 454 2,008 2,290 1,643   6,488
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Conclusions and Implications
A changing climate has significant implications for 

distributions of aquatic habitats and species dependent on 
them in the IAP region. Vulnerability to habitat shifts or 
losses this century may be high, especially for taxa that have 
either restricted habitats or limited dispersal abilities. Yet 
the symptoms of rapid climate change have been manifest 
throughout the western United States for several decades 
(Barnett et al. 2008; Hamlet and Lettenmaier 2007; Luce 
and Holden 2009; Mote et al. 2005) without widespread 
losses of aquatic populations or species. Three factors help 
explain this apparent paradox. First, the steep topography 
in parts of the IAP region translates to slow climate veloci-
ties, which may enable species to track gradual shifts in 

their habitats (Isaak et al. 2016a). Second, the thermal and 
hydrological changes that have accumulated to date are 
relatively small compared to changes expected throughout 
the remainder of the 21st century (Chapter 3). Third, existing 
monitoring programs and analyses of available datasets may 
be inadequate for detecting the subtle distribution shifts 
or extirpation of small populations that are expected with 
climate change (Isaak and Rieman 2013).

In one of the few attempts to rigorously measure how 
distributions of stream organisms are responding to climate 
change, site revisits over a 20-year period revealed that 
juvenile bull trout distributions were contracting upstream 
within the Bitterroot River basin of Montana (Eby et al. 
2014). In a larger study across western Montana, long-term 
monitoring indicated that brown trout populations were in-
creasing in abundance and gradually expanding into streams 

Figure 5.6—Distribution of cold-water habitats with probabilities of occupancy greater than 0.1 for juvenile 
cutthroat trout for (a–b) the baseline period (2000s) and (c–d) late-century scenario (2080s). Panels a and 
c illustrate occupancy when brook trout are absent; panels b and d illustrate occupancy when brook trout 
prevalence is 50 percent.
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Table 5.5—Number and length of cold-water habitats for three cutthroat trout subspecies by probability of occurrence for three 
climate periods, assuming the absence of brook trout. Reduced occurrence probabilities associated with brook trout invasions 
would be similar to declines described in table 5.4.

Cutthroat trout subspecies

Probability of occurrence (percent) Total 
cold-water 

habitatsPeriod <25 25–50 50–75 75–90 >90

Bonneville ----------------------------------------Number----------------------------------------------

    Cold-water habitat number 2000s 1 24   70   90   96    281

2040s 0 12   34   62   54    162

2080s 0   8   23   22   44      97

----------------------------------------Miles----------------------------------------------

    Cold-water habitat length 2000s 0 33 100 176 530    839

2040s 0 12   39 124 310    485

2080s 0   9   26   48 228    311

Lahontan ----------------------------------------Number----------------------------------------------

    Cold-water habitat number 2000s 3 25   39   63   29    159

2040s 2 16   40   50   25    133

2080s 1 10   40   31   11      93

----------------------------------------Miles----------------------------------------------

    Cold-water habitat length 2000s 5 48   86 175 227    541

2040s 3 31   78 137 150    399

2080s 2 17   85   93   58    255

Paiute ----------------------------------------Number----------------------------------------------

    Cold-water habitat number 2000s 0   0     0     1     2        3

2040s 1   0     1     3     0        5

2080s 1   0     0     2     0        3

----------------------------------------Miles----------------------------------------------

    Cold-water habitat length 2000s 0   0     0     4     8      12

2040s 1   0     1     6     0        7

2080s 1   0     0     5     0        6

that were previously too cold (Al-Chokhachy et al. 2016b). 
Similar monitoring efforts and site resurveys are needed 
at broad scales for many species to document the effects 
of climate change on aquatic life and to provide the basis 
for strategic planning and proactive conservation actions 
(Comte and Grenouillet 2013; Craine et al. 2007).

The first step in promulgating an informative aquatic 
biodiversity census is the aggregation and organization 
of historical datasets into functional databases, allow-
ing species occurrence information to be linked with 
environmental covariates, then modeled and analyzed for 
trends. Development of the CS models involved organiz-
ing a small fraction of existing datasets for trout species 
(Isaak et al. 2015), but even this initial effort yielded 
significant improvements in the ability to predict where 
trout populations are most likely to persist, has assisted 

monitoring efforts, and is setting the stage for developing 
more precise models in the near future. For example, the 
spatially explicit CS model predictions are being used to 
guide an interagency crowd-sourcing campaign to col-
lect environmental DNA (eDNA) samples from 7,000 
locations throughout the native range of bull trout, which 
includes the northern portion of the IAP region (Young et 
al. 2017). Those samples will be paired with new spatial 
stream-network models (Isaak et al. 2014; Ver Hoef et al. 
2006) to model bull trout occurrence at high resolution (<1 
mile) across broad areas to provide accurate predictions of 
distribution and abundance and a better understanding of 
environmental constraints. This new generation of eDNA 
samples could be compared to historical occurrence data-
sets to provide broad-scale climate trend assessments. The 
bull trout eDNA samples also contain the DNA of many 
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Figure 5.7—Distribution of cold-water habitats with probabilities of occupancy greater than 0.1 for juvenile bull trout for (a–b) 
the baseline period (2000s) and (c–d) late-century scenario (2080s). Panels a and c illustrate occupancy when brook trout are 
absent; panels b and d illustrate occupancy when brook trout prevalence is 50 percent.

Table 5.6—Number and length of cold-water habitats for juvenile bull trout by probability of occurrence for three climate 
periods and two brook trout invasion scenarios in the Intermountain Adaptation Partnership region.

Probability of occurrence (percent)

Period <25 25–50 50–75 75–90 >90 Total

Cold-water habitat number ------------------------------------------Number---------------------------------------------

    0% brook trout prevalence 2000s   406   289 141 70 78  984

2040s   538   216   90 31 23  898

2080s   387   215   76 22 12  712

    50% brook trout prevalence 2000s   474   301 132 52 25  984

2040s   608   211   56 19   4  898

2080s   456   197   43 13   3  712

Cold-water habitat length -------------------------------------------Miles----------------------------------------------

    0% brook trout prevalence 2000s 1,158 1,480 1,245 1,003 2,806   7,692  

2040s 1,630 1,232    874    464    766   4,967

2080s 1,059    999    645    289    344   3,336

    50% brook trout prevalence 2000s 1,452 1,950 1,651      1,097 1,542   7,692

2040s 1,994 1,531    723    529    190   4,967

2080s 1,337 1,180    463    216    140   3,336
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other aquatic taxa, so will help establish baseline condi-
tions for many species that lack data. Moreover, thousands 
of additional eDNA samples are now being collected annu-
ally across the western United States through partnerships 
with the National Genomics Center for Wildlife and Fish 
Conservation (http://www.fs.fed.us/research/genomics-
center), so a taxonomically diverse and geographically 
comprehensive monitoring system for aquatic species is 
emerging.

For native bull trout and cutthroat trout, the CS models 
provided accurate, spatially explicit predictions of habitat 
occupancy throughout the IAP region with respect to 
current conditions. Assuming that species responses are re-
lated to the effects of climate on stream ecosystems—and 
the accuracy of the models supports this contention—the 
models also provide reasonably robust projections of 
habitat occupancy in light of anticipated climate change. 
Although both native trout species are regarded as cold-
water taxa, their exact responses to a changing climate 
are expected to differ. Bull trout, and most members of 
the genus Salvelinus, are adapted to some of the coldest 
freshwater environments in the Northern Hemisphere 
(Klemetsen et al. 2003). These species also tend to inhabit 
highly variable environments, often with strong gradients 
in productivity that appear to favor migration as a life his-
tory tactic (Klemetsen 2010). It is unsurprising, therefore, 
that a species with those attributes near the southern end of 
its distribution would be susceptible to range contractions 
as temperatures warm. In the IAP region, we anticipate de-
clines in bull trout distributions, but the species is unlikely 
to be extirpated from the region because many climate ref-
uge habitats will persist. As climate change proceeds this 
century, it is possible that conditions favoring migratory 
or resident life histories will change, although it is unclear 
how these conditions would be accommodated or exploited 
by bull trout. As we learn more about the extent and 
prevalence of populations occupying CWHs with varying 
probabilities of occupancy, an understanding of the envi-
ronmental drivers of bull trout life history may emerge.

Cutthroat trout, in contrast, can accommodate a wider 
range of thermal environments, consistent with their 
broad latitudinal distribution and an evolutionary history. 
Since the late Miocene or early Pliocene, this species was 
exposed to intervals cycling between warm/dry and cool/
moist periods in western North America (McPhail and 
Lindsey 1986; Minckley et al. 1986). Cutthroat trout are 
relatively plastic with respect to life history strategies, 
ranging from highly migratory populations dependent on 
large rivers or lakes to promote growth and fecundity, to 
resident populations that move little and have been isolated 
for decades to centuries (Northcote 1992; Peterson et al. 
2013b). Although we anticipate net losses in cutthroat 
distribution in the IAP region, they are not expected to 
be as severe as for bull trout, and some basins that are 
currently too cold to support cutthroat trout may become 
high-quality climate refugia in the future (Al-Chokhachy et 
al. 2013; Coleman and Fausch 2007; Cooney et al. 2005). 

Of greater importance may be how nonnative salmonids, 
which often displace or replace cutthroat trout, respond to 
warming conditions (Wenger et al. 2011a). These factors 
do not represent similar risks to the six cutthroat trout 
subspecies, primarily because of the large differences 
in quality and quantity of habitats currently occupied. 
For example, Yellowstone and westslope cutthroat trout 
are widely distributed, occupy many streams throughout 
their ranges, and exhibit a broad array of life histories. 
However, remaining subspecies often persist in small, 
isolated headwater habitats that may be especially vulner-
able to brook trout invasions (Benjamin and Baxter 2012; 
Dunham et al. 2002a).

The presence of brook trout is problematic for both bull 
trout and cutthroat trout. The tolerance of brook trout to 
cold temperature is nearly equivalent to that of cutthroat 
trout, and brook trout favor the low-gradient environments 
preferred by cutthroat trout and bull trout (Wenger et al. 
2011a). However, very large habitats appear less likely to 
be invaded by brook trout, possibly because this species 
prefers small streams but also because large systems usu-
ally contain other salmonid species, such as rainbow trout 
or brown trout, that compete with brook trout (Fausch et 
al. 2009). Rainbow trout and brown trout are expected to 
shift their distribution upstream as temperature isotherms 
optimal for these species move in that direction (Isaak 
and Rieman 2013; Wenger et al. 2011b), but may be 
constrained by unsuitable stream steepness because these 
species are rare where slopes exceed 4 percent (Isaak et 
al. 2017b). Where overlap occurs, both species appear to 
have negative effects on cutthroat trout, but cold, steep 
headwater streams that resist their invasions are expected 
to remain widespread.

Most current and future CWHs occur on public lands, 
mostly national forests, emphasizing the critical role of the 
USFS in conservation of native fish. Exploring an array 
of conservation strategies will be important because most 
of the CWHs are outside designated wilderness areas or 
national parks so are subject to various land management 
activities. Conservation options will vary by location 
because current and future CWHs are expected to be 
more abundant and persistent in some river basins than 
others across the IAP region. Where CWHs are abundant, 
maintaining those conditions and avoiding significant new 
impairments may be all that is necessary to ensure the 
persistence of native fish populations. In contrast, very 
few habitats that function as climate refugia may occur in 
other basins or where current habitats for some species or 
subspecies are very limited. Those circumstances favor 
strategic, active management to promote population persis-
tence, whether by manipulating habitat or fish populations, 
or both. And because many CWHs are in landscapes that 
have multiple resource values, balancing among competing 
interests will remain an underlying theme of public land 
management (Rieman et al. 2010). Retaining native popu-
lations of aquatic organisms in many of these areas may 
require conservation investments that are unsustainable or 
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could prove ineffective if climate warming accelerates ap-
preciably this century. In these circumstances, reallocating 
investment resources to areas where native populations are 
more likely to persist may be preferable.

Climate Adaptation Options
Many things can be done to adapt to climate change and 

improve the resilience of aquatic species in the IAP region 
(Chapter 14). Climate change adaptation options for aquatic 
species have been the subject of a number of comprehensive 
reviews for the IAP region (Rieman and Isaak 2010) and the 
Pacific Northwest (Beechie et al. 2013; Isaak et al. 2012a; 
ISAB 2007; Luce et al. 2012; Williams et al. 2007, 2015; 
Young et al., in press b). Several key themes emerge from 
these reviews: (1) be strategic; (2) implement monitoring 
programs; (3) restore and protect natural flow, sediment, 
and temperature regimes; (4) manage fluvial connectivity; 
(5) remove or suppress nonnative species, and (6) consider 
assisted migration.

Be strategic—Prioritize watershed restoration such 
that the most important work is done in the most important 
places because the funds, labor, and time available for man-
agement of native fish populations are limited (Peterson et 
al. 2013a). Efforts are directed at only a few of the locations 
and problems that could be addressed. For example, climate 
refugia for native trout that are in wilderness areas may 
neither require nor be amenable to habitat modification to 
ensure the persistence of those populations. Similar refugia 
outside protected areas could be targeted to improve habitat 
conditions or remove or reduce nonnative species presence, 
particularly if doing so increases the probability of occu-
pancy of such habitats by native species.

Implement monitoring programs—Being strategic 
means reducing current and future uncertainties for deci-
sionmaking. More data are needed for streamflow (more 
sites), stream temperature (annual data from sensors main-
tained over many years), and species distributions. These 
data could be used for better status and trend descriptions, 
and to develop robust (or more accurate) models for spe-
cies to understand their response to climate change, natural 
variation, and land management. The feasibility of monitor-
ing at small to broad scales is increasing with the advent 
of rapid, reliable eDNA inventories of aquatic organisms 
(McKelvey et al. 2016; Thomsen et al. 2012) and the avail-
ability of inexpensive, reliable temperature and flow sensors 
(USEPA 2014).

Restore and maintain natural flow, sediment, and 
thermal regimes—Persistence of native species can be 
enhanced using a variety of habitat techniques to improve 
stream shade, narrow unnaturally widened channels, 
minimize flow diversions, and improve stream substrate 
conditions. Actions may include decommissioning or 
relocating roads away from streams (Al-Chokhachy et al. 
2016a; Zurstadt 2015), limiting seasonal grazing in some 
areas, and managing streamside riparian forest buffer 

zones to maintain effective shade and cool, moist riparian 
microclimates (Nusslé et al. 2015). Tactics may also involve 
directly managing water, such as increasing water storage 
in headwater reservoirs, restoring populations of American 
beaver (Castor canadensis) (Bouwes et al. 2016; Pollock et 
al. 2014), or acquiring water rights to maintain or enhance 
summer streamflows (Elmore et al. 2015). Such actions 
obviously have implications and consequences far beyond 
enhancing the persistence of native fish populations, but be-
ing open to opportunities is part of strategic thinking.

Manage connectivity—Obstacles to fish migration 
may be removed in hopes of enhancing the success of 
migratory life history forms, or permitting native species 
to reoccupy former habitat or supplement existing popula-
tions. This also presents a dilemma: Accessible waters can 
be invaded by nonnative species that sometimes replace 
native species (Fausch et al. 2009). The alternative is the 
installation of barriers to prevent these invasions. Native 
populations above barriers may be secure if they can adopt 
resident life histories, but could be susceptible to loss from 
catastrophic events in small habitats and will require human 
intervention for refounding or supplementation. Barriers 
are also temporary, and eventually will require reconstruc-
tion if nonnative species still remain downstream. Barriers 
may also be associated with small headwater diversion 
structures that sometimes route fish out of streams, where 
they are susceptible to stranding when water ditches are 
seasonally dewatered (Roberts and Rahel 2008; Walters et 
al. 2013). Headwater diversions are numerous and may be 
difficult to locate, so tools for locating them may be useful. 
For example, the Trout Unlimited Water Transaction Tool 
(McFall 2017) shows the locations of all diversion points in 
the Idaho Department of Water Resources database relative 
to the CS native trout refuge streams within Idaho. The tool 
enables users to identify and visit points of diversions in 
critical trout habitats to determine their potential impact to 
fish populations and design mitigation strategies.

Remove nonnative species—Removal of nonnative 
fish species will be essential to maintain or restore some 
populations. These efforts typically consist of chemical 
treatments or electrofishing, and both tend to be feasible 
only in smaller, simpler habitats (Shepard et al. 2002). 
Both are also costly, in part because they need to be con-
ducted on multiple occasions to be effective (Peterson et 
al. 2008). Chemical treatments are controversial because 
of their perceived effects on water quality. Furthermore, 
success with either method is obtained only if the source 
of nonnative species is removed, often by the installation 
of a migration barrier. Unauthorized introductions are also 
common, and can undermine conservation efforts. Finally, 
using control measures to manage the abundance of nonna-
tive species rather than removing them has been applied in 
some areas (e.g., the removal of lake trout to promote bull 
trout persistence or regular electrofishing to depress brook 
trout and favor cutthroat trout). Such activities are likely to 
be successful only if conducted at regular intervals for the 
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foreseeable future, which assumes funding and enthusiasm 
for such ventures will be available indefinitely.

Consider assisted migration—Moving native fish spe-
cies from one location to another, a historically common 
activity in fish management, has typically been used to 
found populations in previously fishless waters. This tactic 
may be further pursued in the IAP region where a few ba-
sins are currently fishless (or have only limited populations 
of nonnative species) because of natural barriers such as 
waterfalls, and may create high-quality climate refugia in 
the near future. Moving native fish to such areas is feasible 
but controversial because other at-risk native taxa may be 
vulnerable to predation or competition with native fish spe-
cies. Reintroductions of native species (Dunham et al. 2011, 
2016) may also be performed when natural refounding is not 
an option, such as where populations are isolated and peri-
odically fail, or suffer population bottlenecks. Management 
intervention at this level will require an understanding of 
genetic principles and broodstock establishment.

In conclusion, responding to the environmental trends 
associated with climate change will require a diverse port-
folio that includes many of the actions described earlier. We 
need to adapt our mindsets and administrative processes 
to a new paradigm of dynamic disequilibrium. Under this 
paradigm, stream habitats will become more variable, 
undergo gradual shifts through time, and sometimes decline. 
Many populations are resilient enough to persist in, or track, 
suitable habitats, but others could be overwhelmed by future 
changes. It is unlikely that we will be able to preserve all 
populations of aquatic species as they currently exist this 
century. But as better information continues to be developed 
in the future, managers will have ever more precise tools at 
their disposal to know when and where resource commit-
ments are best made to enhance the resilience of existing 
populations or to benefit other species for which manage-
ment was previously not a priority. There is much to do as 
climate change adaptation continues in future years (Chapter 
14), and USFS lands will play an increasingly important 
role in providing refuge habitats for aquatic biodiversity.
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Introduction
Projected rapid changes in climate will affect vegetation 

assemblages in the Intermountain Adaptation Partnership 
(IAP) region directly and indirectly. Direct effects include 
altered vegetation growth, mortality, and regeneration, and 
indirect effects include changes in disturbance regimes 
(Chapter 8) and interactions with altered ecosystem pro-
cesses (e.g., hydrology, snow dynamics, nonnative species) 
(Bonan 2008; Hansen and Phillips 2015; Hansen et al. 
2001, 2016; Notaro et al. 2007). Some species may have 
decreased abundance, whereas others may expand their 
range (Landhäusser et al. 2010). New vegetation communi-
ties may form, and historical vegetation complexes may 
shift to other areas of the landscape or become rare. The 
consequences of land management policies and activities, 
including fire exclusion, fuels treatments, and grazing, inter-
act with potential climate change effects.

Here we assess the effects of climate change on veg-
etation in the IAP region, based on species autecology, 
disturbance regimes, current conditions, and modeling re-
sults (table 6.1). We summarize how climate change affects 
vulnerability of important tree species, vegetation types, 
and resources of concern (box 6.1). We have integrated 
modeling results with a detailed synthesis of climate change 
literature for western North America.

This assessment is focused on vegetation types listed in 
table 6.1, where the vulnerability of each vegetation type 
is inferred from the aggregate vulnerability of its dominant 
species (table 6.2). Vulnerability is also considered with 
respect to heterogeneous landscapes, including both vegeta-
tion disturbance and land use history.

All projections of future conditions contain uncertainty 
(box 6.2). Uncertainty can result from a lack of information 
or from a disagreement about what is known or predict-
able. Uncertainty can also result from known and unknown 
errors. It may have many sources, including quantifiable 
errors in data, ambiguously defined concepts or terminology, 
and uncertain projections of human behavior. Uncertainty 
can be represented by quantitative measures (e.g., a range 
of values) or by qualitative statements (e.g., judgment of a 
team of experts).

Chapter 6: Effects of Climate Change on 
Forest Vegetation
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Climate Change Assessment Techniques
Ecologists have invested considerable effort to project 

the effects of climate change on ecosystem processes 
across various scales (Clark et al. 2001; Joyce et al. 2014; 
Schumacher et al. 2006). Using traditional field methods to 
explore climate change response is difficult because of the 
complex interactions between ecological processes, distur-
bance, and climate at multiple temporal and spatial scales 
(McKenzie et al. 2014).

Four techniques exist to assess and project the effects of 
climate change on vegetation and related resource concerns. 
First, expert opinion involves experts in the fields of cli-
mate change, ecology, and vegetation dynamics qualitatively 
assessing what will happen to vegetation under various cli-
mate change scenarios. Second, field assessment involves 
monitoring or remote sensing to monitor vegetation change 
as the climate warms. Field sampling involves establishing 
plots across the landscape, detecting change between plot 
measurements, and correlating these changes to climate 
data. Demographic studies track individuals over time, rath-
er than using plot-scale inventories, to understand the role 
of climate relative to other factors. The U.S. Department 
of Agriculture Forest Service (USFS) Forest Inventory and 
Analysis database, the only demographic dataset in the IAP 
region, has not been analyzed for the interaction of vegeta-
tion and climate. Although field assessment techniques 
are the most reliable and useful, they are often intractable 
because of the large areas and long time periods for which 
sampling is needed to detect changes.

Third, statistical analysis can be used to create empiri-
cal models that project climate change response. Many 
studies that project habitat, range, or occupational shifts of 
tree species from climate warming use species distribution 
models (SDMs; also called bioclimatic envelope models or 
niche models) to project future geographic ranges (Hansen 
and Phillips 2015; Iverson and Prasad 2002; Warwell et al. 
2007). However, SDMs are inherently flawed for project-
ing future species distributions because they rely on recent 
or historical climate-species relationships, resulting in 
predictions of potential species habitat, not actual species 
distribution (Iverson and McKenzie 2013). One of the 
biggest limitations of this approach is that most species 
distributions are not in equilibrium with climate, thereby 
causing SDMs to miss areas favorable for a species but 
where the species is currently absent. In addition, SDMs do 
not include critical ecological processes (e.g., reproduction, 
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Table 6.1—Vegetation types included in the IAP vulnerability assessment.

Vegetation typea Description

Subalpine pine forest Forest communities dominated or co-dominated by bristlecone, limber, and/or whitebark 
pine for long periods of time. Other co-dominant trees may include subalpine fir, 
Engelmann spruce, white fir, and aspen.

Subalpine spruce-fir forest Upland forest communities in which the most shade-tolerant tree capable of occupying 
the site is subalpine fir, Engelmann spruce, and/or blue spruce.  Major seral species 
include lodgepole pine, aspen, and Douglas-fir.

Mesic mixed conifer forest Upland forest communities where the most shade-tolerant tree capable of occupying 
the site is grand fir, white fir, Shasta red fir, mountain hemlock, or Sierra lodgepole pine. 
Major seral species include lodgepole pine, Douglas-fir, ponderosa pine, Jeffery pine, and 
aspen.

Dry mixed conifer forest Upland, lower montane, forest communities where the most shade-tolerant tree capable 
of occupying the site is Douglas-fir, white fir, or limber pine; and woodland species such 
as curl-leaf mountain mahogany, Gambel oak, bigtooth maple, pinyons, and junipers are 
usually present. Ponderosa pine is a major seral species. Lodgepole pine is absent. Aspen 
is sometimes an important seral species.

Aspen-mixed conifer forest Upland forest communities where the most shade-tolerant tree capable of occupying the 
site is a conifer species but aspen is (or was) an important component due to periodic 
disturbances. Following a disturbance, conifers can return to dominance in less than 150 
years.

Persistent aspen forest Upland forest communities dominated by aspen in which succession to conifer 
dominance is not possible or takes longer than 150 years.

Ponderosa pine forest Upland forest communities where ponderosa pine is the only forest tree species capable 
of occupying the site, or where natural under-burning periodically eliminates other 
conifers and maintains ponderosa pine dominance.

Riparian forest Forest communities occurring adjacent to water bodies or around seeps and springs. 
They may be dominated by any of the species listed above in addition to cottonwoods, 
willows, alders, birch, or nonnative trees such as saltcedar and Russian olive.

aVegetation types are those used by the U.S. Forest Service Intermountain Region.

tree growth, competitive interactions, disturbance) (Iverson 
and McKenzie 2013; Watling et al. 2012).

Finally, the most effective technique uses modeling to 
assess climate-mediated vegetation responses (Gustafson 
2013; Iverson and McKenzie 2013; McKenzie et al. 2014), 
incorporating projected future climate into ecological mod-
els to simulate climate change effects (Baker 1989; He et 
al. 2008; Keane et al. 2004; Merriam et al. 1992; Perry and 
Millington 2008). Many existing models simulate ecological 
change at broad (global, regional) and fine (point, ecosys-
tem, stand) scales (Bugmann 2001; Cramer et al. 2001). 
However, models focused on large spatial scales (50–500 
square miles) are best suited for projecting climate change 
effects because most ecosystem processes operate and most 
management decisions are made at large scales (Cushman et 
al. 2007; Littell et al. 2011; McKenzie et al. 2014).

To realistically model species composition changes, a 
mechanistic, process-driven simulation approach is needed 
to emphasize physical drivers of vegetation dynamics that 
are directly related to climate (Falk et al. 2007; Gustafson 
2013; McKenzie et al. 2014). However, mechanistic model 
design is complex, containing detailed parameterization of 
species life histories and physiologies, interacting distur-
bance factors, and high-resolution modeling over large areas 

(Lawler et al. 2006). Dynamic global vegetation models 
operate at scales from regional (hundreds of miles) to global 
(degrees of latitude and longitude), projecting aggregates of 
species as life forms or plant functional types, which may 
not be directly relevant for resource managers (Bachelet 
et al. 2003; Bonan 2008; Neilson et al. 2005). Most of 
these models project shifts to more drought-tolerant and 
disturbance-tolerant species in a warmer climate. In some 
models, increased water-use efficiency in trees, induced by 
elevated carbon dioxide (carbon dioxide fertilization), may 
offset this general shift in vegetation as forests expand into 
areas where the climate is currently too dry (Bachelet et al. 
2003).

Ecosystem models that accurately project climate change 
effects must simulate disturbances, vegetation, climate, and 
their interactions across multiple spatial scales (Purves and 
Pacala 2008), but few models simulate ecosystem processes 
with the mechanistic detail needed to realistically represent 
important interactions (Keane et al. 2015b; Riggs et al. 
2015) (table 6.2). For example, direct interactions between 
climate and vegetation may be more realistically represented 
by simulating the daily dynamics of carbon (photosynthesis, 
respiration), water (evapotranspiration), and nutrients at 
the plant level than by simulating vegetation development 
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Box 6.1—Summary of the Primary Effects of Climate Change on Vegetation Types in the IAP Region

Syntheses of autecological information, empirical data, and modeling were used to identify expected responses of 
forest vegetation in the IAP region through the end of the 21st century, summarized here for vegetation types (table 
6.1)

Subalpine Pine Forest

Highly vulnerable 

• Whitebark pine will be especially vulnerable, because warming is expected to exacerbate existing stressors 
(white pine blister rust, mountain pine beetle, fire exclusion).

• Limber pine, Engelmann spruce, and white fir may grow faster with less snowpack (longer growing season), 
although limber pine could be stressed by more bark beetles.

• Great Basin and Rocky Mountain bristlecone pines growth may decrease but with high variability among 
locations.

• Quaking aspen will be minimally affected by a warmer climate, especially compared to aspen at lower 
elevations. 

Subalpine Spruce-Fir Forest

Moderately vulnerable 

• Subalpine fir, Engelmann spruce, and blue spruce may grow faster in the upper subalpine zone because of less 
snowpack (longer growing season).

• Lodgepole pine will be more susceptible to mountain pine beetle. 

• Quaking aspen will be minimally affected by a warmer climate, especially compared to aspen at lower 
elevations. 

• Douglas-fir could increase at the lower end of the subalpine zone.

• Increased wildfire could reduce the distribution of all subalpine species except aspen.

Mesic Mixed Conifer Forest

Moderately vulnerable; some winners, some losers

• Douglas-fir, ponderosa pine, and Jeffrey pine (early seral, fire tolerant) may become relatively more common 
than other (late seral) species that are less fire tolerant, but they will probably grow slower.

• Shasta red fir will grow slower, and distribution may decrease because of increased wildfire.

• Lodgepole pine and quaking aspen, which regenerate rapidly after wildfire, will persist across the landscape, 
possibly with increased stress from insects and pathogens.

Dry Mixed Conifer Forest

Moderately vulnerable; some winners, some losers

• Curl-leaf mountain-mahogany, Gambel oak, and bigtooth maple can cope with both drier soils (drought 
tolerant) and increased wildfire (vigorous sprouting), and they may become more abundant in some locations.

• Two-needle pinyon and singleleaf pinyon are sensitive to long periods of drought combined with insects, and 
they may have reduced growth and some mortality; frequent wildfire may reduce abundance.

• Limber pine may be challenged by a combination of mountain pine beetles, white pine blister rust, and 
increasing wildfire.

• Douglas-fir and white fir growth will decrease; white fir will be less abundant if wildfire frequency increases.

Aspen-Mixed Conifer Forests

•	 Moderately vulnerable, depending on vegetation

• Mature spruce-fir forest will become less common if wildfire frequency increases.

• At higher elevations, early-seral species such as quaking aspen will become more abundant and possibly more 
widely distributed.

• At lower elevations, ponderosa pine will persist, and quaking aspen and Gambel oak will become more 
abundant.

Chapter 6: Effects of Climate Change on Forest Vegetation
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Box 6.1—continued.

• Changes in species distribution and abundance will depend on topography (north vs. south aspect, canyons vs. 
side slopes, etc.).

Persistent Aspen Forests

Moderately vulnerable, depending on vegetation

• Mature spruce-fir forest will become less common if wildfire frequency increases.

• Aspen will maintain dominance because of its ability to sprout after wildfire. 

• At lower elevations, ponderosa pine will persist, and quaking aspen and Gambel oak will become more 
abundant.

• Douglas-fir will probably persist because it has relatively high drought and fire tolerance, but will grow slower. 

Montane Pine Forests

Moderately vulnerable

• Ponderosa pine will maintain and probably increase dominance over associated species that are less tolerant of 
drought and wildfire, but it may grow slower. 

• Limber pine and bristlecone pine will probably persist at higher elevations where fuel loads are low. 

• If bark beetles become more prevalent, they could increase stress and mortality in pine species, especially 
during drought periods.

Riparian Forests

Highly vulnerable

• Vegetation dominance will transition to species that are more tolerant of seasonal drought, including ponderosa 
pine and other deep-rooted conifers. 

• Hardwood species that rely on periodic high water levels for regeneration will 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 with persistent snowpack.

• Saltcedar will persist in riparian areas because it is more drought tolerant than native vegetation, but tamarisk 
beetle is a promising biocontrol.

annually using state-and-transition modeling approaches 
(Keane et al. 2015a).

Forest Vegetation Responses  
to Climate

The effects of climate change on forest vegetation 
are likely to be driven primarily by vegetation responses 
to altered disturbance regimes, and secondarily through 
direct effects on vegetation through shifts in regeneration, 
growth, and mortality (Dale et al. 2001; Flannigan et al. 
2009; Temperli et al. 2013) (box 6.3). Effects on vegetation 
caused by a changing climate (Chapter 3) will vary over 
different spatial and temporal scales. Trees will respond to 
reduced water availability, higher temperatures, and changes 
in growing season in different ways, but because trees are 
stationary organisms, altered vegetation composition and 
structure will be the result of changes in plant processes and 

responses to disturbance. This section discusses responses of 
trees and other forest vegetation to projected climate.

Individual Plant Effects
There are several important modes of response of plants 

to changing climates (Joyce and Birdsey 2000). The first 
is changes in productivity, which could increase in some 
locations because of increasing temperatures, longer grow-
ing seasons, and improved water-use efficiency (Aston 
2010; Joyce 1995). The window of successful seedling 
establishment will change (Ibáñez et al. 2007), and increas-
ing drought and high temperatures may narrow the time for 
effective regeneration in low-elevation forests and widen 
the window in high-elevation forests. Climate may directly 
cause tree mortality through the effects of increased tem-
perature on moisture stress in trees. Extreme climatic events, 
such as late growing-season frosts and high winds causing 
breakage and blowdowns, may increase because of pro-
jected increases in climatic variability (Notaro 2008), and 
these events may cause mortality (Joyce et al. 2014; Vanoni 
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Table 6.2—Dominant tree species in each vegetation type (see table 6.1) in each IAP subregion. Indicator species are shown in 
bold text.

Vegetation 
typea

Middle 
Rockies

Greater 
Yellowstone

Uintas and 
Wasatch Front Plateaus Great Basin

Intermountain 
Semi Desert

Subalpine pine 
forest

PNVb

Whitebark 
pine

PNV
Whitebark pine

PNV
Whitebark pine
Limber pine

PNV
Limber pine
GB bristlecone 
pinec

PNV
Limber pine
GB bristlecone 
pine

Subalpine 
spruce-fir 
forest

PNV
Subalpine fir
Engelmann 
spruce

Seral
Lodgepole 
pine
Douglas-fir
Western larch

PNV
Subalpine fir
Engelmann 
spruce

Seral
Lodgepole pine
Douglas-fir

PNV
Subalpine fir
Engelmann 
spruce

Seral
Lodgepole pine
Douglas-fir

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce

Seral
Douglas-fir

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce

Seral
Lodgepole 
pine
Douglas-fir

Mesic mixed 
conifer forest

PNV
Grand fir
Douglas-fir

Seral
Lodgepole 
pine
Douglas-fir
Ponderosa 
pine
Western larch

PNV
Douglas-fir

Seral
Lodgepole pine

PNV
White fir
Douglas-fir

Seral
Lodgepole pine
Douglas-fir

PNV
White fir
Douglas-fir

Seral
Douglas-fir
Ponderosa pine

PNV
White fir
Sierra white fir
Shasta red fir
Mountain 
hemlock
Sierra 
lodgepole pine

Seral
Sierra 
lodgepole pine
Western white 
pine
Jeffrey pine
Ponderosa pine

Dry mixed 
conifer forest

PNV
Douglas-fir
Grand fir

Seral
Ponderosa 
pine
Douglas-fir

PNV
Douglas-fir
Limber pine

Seral
Limber pine

PNV
White fir
Douglas-fir

Seral
Ponderosa pine
Gambel oak
Curl-leaf mtn.- 
mahogany
Bigtooth maple
Rocky Mtn. 
juniper

PNV
White fir
Douglas-fir

Seral
Ponderosa pine
Gambel oak
Curl-leaf mtn.- 
mahogany
Bigtooth maple
Utah juniper
Two-needle 
pinyon

PNV
White fir
Sierra white fir
Douglas-fir

Seral
Ponderosa 
pine
Jeffrey pine
Gambel oak
Curl-leaf mtn.- 
mahogany
Bigtooth 
maple
Utah juniper
Singleleaf 
pinyon
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Vegetation 
typea

Middle 
Rockies

Greater 
Yellowstone

Uintas and 
Wasatch Front Plateaus Great Basin

Intermountain 
Semi Desert

Aspen-mixed 
conifer forest

PNV
Subalpine fir
Engelmann 
spruce
Grand fir
Douglas-fir

Seral
Aspen
Lodgepole 
pine
Douglas-fir
Ponderosa 
pine

PNV
Subalpine fir
Engelmann 
spruce
Douglas-fir

Seral
Aspen
Lodgepole pine
Douglas-fir

PNV
Subalpine fir
Engelmann 
spruce
White fir
Douglas-fir

Seral
Aspen
Lodgepole pine
Douglas-fir
Ponderosa pine
Gambel oak
Curl-leaf mtn.- 
mahogany
Bigtooth maple

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce
White fir
Douglas-fir

Seral
Aspen
Douglas-fir
Ponderosa pine
Gambel oak
Curl-leaf mtn.- 
mahogany
Bigtooth maple

PNV
White fir
Sierra white fir
Shasta red fir

Seral
Aspen
Sierra 
lodgepole pine
Jeffrey pine
Western 
juniper

Persistent 
aspen forest

None PNV
Aspen
Subalpine fir
Engelmann 
spruce
Douglas-fir

Seral
Aspen
Lodgepole pine

PNV
Aspen
Subalpine fir
Engelmann 
spruce
White fir
Douglas-fir

Seral
Aspen
Lodgepole  pine

PNV
Aspen
Subalpine fir
Engelmann 
spruce
Blue spruce
White fir
Douglas-fir

Seral
Aspen
Douglas-fir
Ponderosa pine
Gambel oak
Curl-leaf mtn. 
mahogany
Bigtooth maple

PNV
Aspen
White fir
Sierra white fir
Shasta red fir

Seral
Aspen
Sierra 
lodgepole pine
Jeffrey pine
Western 
juniper

PNV
Aspen (snow 
pockets)

Montane pine 
forest

PNV
Douglas-fir
Ponderosa 
pine
Grand fir
Limber pine

Seral
Ponderosa 
pine
Douglas-fir
Limber pine

PNV
Limber pine
Douglas-fir

Seral
Limber pine

PNV
Limber pine
Ponderosa pine
Douglas-fir
White fir
GB bristlecone 
pine

Seral
Limber pine
GB bristlecone 
pine
Ponderosa pine

PNV
Limber pine
GB bristlecone 
pine
Ponderosa pine
Douglas-fir
White fir

Seral
Limber pine
GB bristlecone 
pine
Ponderosa pine

PNV
Limber pine
GB bristlecone 
pine
Ponderosa 
pine
Jeffrey pine
Douglas-fir
White fir
Shasta red fir

Seral
Limber pine
GB bristlecone 
pine
Ponderosa 
pine
Jeffrey pine
Douglas-fir

Table 6.2—Continued.
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Vegetation 
typea

Middle 
Rockies

Greater 
Yellowstone

Uintas and 
Wasatch Front Plateaus Great Basin

Intermountain 
Semi Desert

Riparian forest PNV
Subalpine fir
Engelmann 
spruce
Grand fir
Douglas-fir
Ponderosa 
pine
Aspen
Black 
cottonwood
White alder
Sitka alder
Thinleaf alder
Water birch

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce
Douglas-fir
Aspen
Lodgepole pine 
Narrowleaf 
cottonwood
Black 
cottonwood
Balsam 
cottonwood
Water birch
Thinleaf alder
Boxelder
Crack willow

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce
Douglas-fir
Ponderosa pine
Aspen
Lodgepole pine
Narrowleaf 
cottonwood
Fremont 
cottonwood
Water birch
Thinleaf alder
Boxelder
Velvet ash
Crack willow
Salt cedar

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce
White fir
Douglas-fir
Ponderosa pine
Aspen
Narrowleaf 
cottonwood
Fremont 
cottonwood
Water birch
Thinleaf alder
Boxelder
Velvet ash
Crack willow
Salt cedar

PNV
Subalpine fir
Engelmann 
spruce
Blue spruce
White fir
Sierra white fir
Shasta red fir
Sierra 
lodgepole pine
Douglas-fir
Jeffrey pine
Ponderosa pine
Aspen
Lodgepole 
pine
Narrowleaf 
cottonwood
Black 
cottonwood
Lanceleaf 
cottonwood
Water birch
Thinleaf alder

a Vegetation types are those used by the U.S. Forest Service Intermountain Region.
b PNV indicates potential natural vegetation.
c “GB bristlecone pine” indicates Great Basin bristlecone pine.

Table 6.2—Continued.

et al. 2016). There will also be disruptions in phenology 
in a warmer climate, with some plants suffering damage or 
mortality when phenological cues and events are mistimed 
with new climates (e.g., flowering during dry portions of the 
growing season) (Cayan et al. 2001). In addition, the genetic 
limitation of species or trees to respond to climate change 
will vary greatly among species and populations (Hamrick 
2004). For example, species restricted to a narrow range of 
habitat conditions may become maladapted to new climates 
(St. Clair and Howe 2007).

Plants can respond to climate-mediated changes in differ-
ent ways (Aitken et al. 2008). Direct effects of temperature 
at the cellular level may increase photosynthesis and res-
piration (Waring and Running 1998). Photosynthesis rates 
increase with temperature up to an optimum and decline 
thereafter, although potential effects on tree growth vary by 
species and local soil and moisture conditions. In the IAP 
region, any decrease in tree growth would be expected to 
occur at low elevations, whereas some trees at high eleva-
tions may have increased growth. Respiration increases 
with temperature, and respiration occurs even when stomata 
are closed, so high temperatures coupled with low water 
availability may result in high respirational losses with few 
photosynthetic gains (Ryan et al. 1995).

Increased atmospheric carbon dioxide levels may also di-
rectly modify physiological growth processes at the cellular 

level. Water-use efficiency may increase for some conifer 
species, potentially compensating for lower water avail-
ability (Waring and Running 1998). Leaf biomass is usually 
the first to increase as plants attempt to optimize photosyn-
thesis by growing more leaf tissue (i.e., leaf area), although 
increased leaf area can be transitory depending on available 
water and nitrogen. Higher atmospheric carbon dioxide 
levels and temperatures can also interact to increase growth, 
especially if warmer temperatures are closer to temperature 
optima for photosynthesis.

Another direct effect of warming temperatures is longer 
growing seasons (Cayan et al. 2001; McKenzie et al. 2009). 
In addition, future climate may be more variable, affecting 
dormancy regulation, bud burst, and early growth (Hanninen 
1995; Harrington et al. 2010). Plant phenological cues 
may be disrupted or triggered inappropriately because of 
high weather variability, a response that may be fatal for 
seedlings. Warmer temperatures may reduce growing-season 
frosts in mountain valleys, thereby allowing more frost- 
susceptible species, such as ponderosa pine (Pinus pondero-
sa) to exist in habitats currently occupied by lodgepole pine 
(Pinus contorta var. latifolia), subalpine fir (Abies lasiocar-
pa), and Engelmann spruce (Picea engelmannii). Increased 
temperatures may result in decreased winter chilling, which 
could result in delayed bud burst, reduced flowering, and 
reduced seed germination (Chmura et al. 2011).
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Box 6.2—Uncertainty and Climate Change Effects on Vegetation

Global Climate Models (GCMs) that project rapidly warming climates have a high degree of uncertainty. 
Although it is clear that increasing atmospheric carbon dioxide will cause a significant increase in temperature 
(IPCC 2007), uncertainty exists about the magnitude and rate of climate change (Roe and Baker 2007; Stainforth et 
al. 2005). This uncertainty is generally higher for climate projections made at fine resolutions and for longer time 
periods (Knutti and Sedlacek 2013). The range of possible projections of future climate from GCMs (anywhere from 
a 1.6 to 8 oC increase in global average annual temperature) is much greater than the variability of climate over 
the past 3 centuries (Stainforth et al. 2005), and the variability across GCMs is greater than the variability in each 
model’s climate projections. 

Because it is impossible to know whether society will respond to climate change by employing technological 
innovations to minimize carbon dioxide emissions or to mitigate its effects, most GCMs also simulate a range of 
scenarios that capture different strategies and socioeconomic policies to deal with climate change, introducing 
yet another source of uncertainty. Moreover, it is the high variability of climate extremes, not the gradual change 
of average climate, that will drive most ecosystem responses to disturbance and plant dynamics—and these rare, 
extreme events are the most difficult to project (Easterling et al. 2000). 

Yet another source of uncertainty is introduced when we try to project how the Earth’s vegetation and ecosystems 
will respond to climate change (Araujo et al. 2005). Mechanistic ecological simulation of climate, vegetation, 
and disturbance dynamics across landscapes is still evolving (Keane and Finney 2003; Sklar and Costanza 1991; 
Walker 1994). Many current ecosystem simulation models are missing important direct interactions of disturbance, 
hydrology, and land use with climate that will affect plant distributions (Notaro et al. 2007). Little is known about 
the interactions among climate, vegetation, and disturbance, and interactions among different disturbance regimes 
(e.g., fire and beetles) could create novel landscape behaviors. It is also difficult to determine how plant and animal 
reproduction, growth, and mortality will respond to changing climate (Gworek et al. 2007; Ibanez et al. 2007; 
Keane et al. 2001; Lambrecht et al. 2007). These modeling uncertainties greatly increase as projections are made 
further into the future and at finer spatial scales (Xu et al. 2009).

Uncertainties need to be considered when using this assessment for analysis, planning, and project management. 
Sometimes there is less uncertainty in implementing conventional restoration designs than in designing restoration 
or treatment plans that attempt to account for climate change effects. For example, including climate change 
in restoration of western larch ecosystems may be more straightforward than for ponderosa pine ecosystems. 
Because all climate effects will be manifest in different ways on different landscapes, there is no “one-size-fits-all” 
prescription that can be adopted everywhere.

Much of the water used by trees in mountain forests 
comes from snowmelt, so amount and duration of snowpack 
influence regeneration and growth patterns of tree species 
and forest communities. Warmer temperatures will cause 
earlier snowmelt, leading to an earlier start of the growing 
season, and longer periods of low soil moisture during the 
rest of the growing season. In contrast, less snowpack will 
create longer growing seasons in subalpine communities 
where cold and snowpack duration limit tree regeneration 
and growth, potentially facilitating increased productivity 
(Peterson and Peterson 2001) and regeneration (Woodward 
et al. 1994).

Climate change can indirectly affect vegetation by alter-
ing mycorrhizal dynamics (Amaranthus et al. 1999). Many 
trees, particularly in the seedling and sapling stages, need 
mycorrhizae to survive, especially in areas with chronic 
water shortage (Mohatt et al. 2008; Walker et al. 1995). 
Migration of tree species to more favorable sites in future 
climates may be governed by the ability of mycorrhizae to 
also populate these areas (Lankau et al. 2015). Mycorrhizal 
responses following wildfire are important because fire is ex-
pected to increase significantly in a warmer climate (Chapter 
8). Establishment of trees in burned areas can be delayed for 

decades or even centuries (Little et al. 1994), as both mycor-
rhizae and trees revegetate the area (Schowalter et al. 1997).

Migrating to a new site has historically been the main 
response of plants to climate change (Huntley 1991), requir-
ing that species have the ecological ability to quickly occupy 
available sites and the genetic capacity to survive and repro-
duce successfully (Davis et al. 2005). Most tree species in 
the IAP region are long lived and genetically diverse, so they 
can survive wide fluctuations of weather, but the interaction 
of increasing drought and modified disturbance regimes will 
play a role in the future distribution and abundance of forest 
species (Allen et al. 2010) (Chapter 8).

A warmer climate is expected to facilitate upward shifts 
in the elevation distribution of plant species. For example, 
Lenoir et al. (2008) found that some plant species have 
moved upward in elevation at a rate of 100 feet per decade, 
but it is unclear whether such shifts will drive long-term 
changes in forest communities. For example, wildfire plays a 
dominant role in most ecosystems in western North America, 
and increasing wildfire frequency and extent may overwhelm 
potential shifts in forest species distribution. The potential 
for tree populations to migrate may vary among diverse 
mountain ranges, depending on local biophysical conditions.
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Box 6.3—How Do Climate Change Vulnerability Assessments and Adaptation Inform Ecological 
Restoration?

In an ideal sense, ecological restoration is defined as the practice of reestablishing historical plant and animal 
communities in a given area and the renewal of ecosystem and cultural functions necessary to maintain these 
communities now and into the future (Egan and Howell 2001). However, this ideal may be difficult to manage 
because: (1) little is known about historic conditions, (2) many key species may already be lost, (3) some efforts 
may be prohibitively expensive, and (4) future climates will create novel ecosystems. As a result, The Society for 
Ecological Restoration has opted for a definition that states that ecological restoration is “the process of renewing 
and maintaining ecosystem health.”

The U.S. Forest Service manual direction (FSM 2020) includes objectives and a policy for restoration:

•	 Restore and maintain ecosystems that have been damaged, degraded, or destroyed by reestablishing the 
composition, structure, pattern, and ecological processes.

•	 Manage for resilient ecosystems that have a greater capacity to withstand stressors, absorb and recover from 
disturbances, and reorganize and renew themselves, especially under changing and uncertain environmental 
conditions.

•	 Achieve long-term ecological sustainability and provide a broad range of ecosystem services to society.

The Forest Service emphasizes ecosystem restoration across all National Forest System lands with the goal of 
attaining resilient ecosystems. All strategic plans, including the Forest Service Strategic Plan and land management 
plans, must include goals and objectives to sustain the resilience and adaptive capacity of aquatic and terrestrial 
ecosystems by reestablishing, maintaining, or modifying their composition, structure, function, and connectivity. 
The goals and objectives must be established within this framework as defined by laws, Indian treaties and Tribal 
values and desires, and regulations. The goals and objectives must also consider public values and desires, social 
concerns, economic sustainability, the historical range of variability, ecological integrity, current and likely future 
ecological capabilities, a range of climate and other environmental change projections, the best available scientific 
information, and technical and economic feasibility to achieve desired conditions for National Forest System lands. 

A primary element of an integrated approach is to identify and eliminate or reduce stressors that degrade or 
impair ecosystems. Restoration activities should also take into account social and ecological influences at multiple 
scales and incorporate the concept of a dynamic system and ecological trajectory. Some ecosystems may have been 
altered to such an extent that reestablishing components of the historical range of variability may not be ecologically 
or economically possible. Therefore, goals and activities can focus on restoring the underlying processes that create 
functioning ecosystems. 

Functional restoration, an alternative concept used in the Forest Service, is defined as the “restoration of abiotic 
and biotic processes in degraded ecosystems.” Functional restoration focuses on underlying processes that may 
be degraded, regardless of the structural condition of the ecosystem. As contrasted with ecological restoration 
that tends to seek a historical reference condition, functional restoration focuses on dynamic processes that drive 
structural and compositional patterns. Functional restoration aims to restore functions and improve structures with 
a long-term goal of restoring interactions between function and structure. However, a functionally restored system 
may look quite different than the historical reference condition in terms of structure and composition. In this case, 
disparities cannot be easily resolved, because a threshold of degradation has been crossed, or environmental drivers 
(e.g., climate) that influenced structural and compositional development have changed.

Reproduction
Cone and seed crops of some tree species could be af-

fected by climate change (Ibáñez et al. 2007; LaDeau and 
Clark 2001). Low-elevation, xeric forests may have fewer 
and smaller cone crops because of increased stand density 
and water stress. Cone crops may also have a lower percent-
age of viable seed because of increased stress. Infrequent 
cone crops coupled with low seed production may cause 
reduced regeneration in recently burned areas, in some 
cases resulting in dominance of nonforest vegetation. The 
opposite may be true in higher, colder environments, where 
increased temperatures will increase growing season length 
and thereby increase potential for more cone crops with 
more seeds. Spruce-fir communities may produce so much 

seed that they overwhelm regeneration of other conifers, 
especially after mixed-severity fires. Species such as white-
bark pine (Pinus albicaulis) and lodgepole pine have unique 
cone characteristics; whitebark pine cones require birds for 
seed dispersal, and lodgepole pine cones may be serotinous 
and opened only by fire.

Growth and Mortality
Climate adversely affects growth and mortality through 

decreased water availability, resulting in shorter effective 
growing seasons (Bugmann and Cramer 1998; Chmura et 
al. 2011; Keane et al. 2001; Williams et al. 2010). Extended 
droughts require conifers to close stomata longer to con-
serve water. Ponderosa pine and limber pine (Pinus flexilis) 
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have excellent stomatal control, and stomata can remain 
closed for long periods of time; Douglas-fir (Pseudotsuga 
menziesii) has poor stomatal control, which can drive leaf 
water potentials to low values and contribute to physiologi-
cal damage (Sala et al. 2005). If photosynthetic production 
cannot exceed respiration demands, then plants become 
stressed.

If physiological damage is high enough, carbon storage 
in plant cells may decline as a result of stomatal closure 
and insufficient carbon assimilation to meet demands for 
tissue maintenance. In addition, lack of water for uptake, 
especially while stomata are open, can greatly reduce hy-
draulic conductance (McDowell et al. 2008; Sevanto et al. 
2014). Both of these physiological responses to low water 
supply, which typically occur during prolonged drought, 
can substantially reduce vigor, making weakened trees more 
susceptible to other stresses. In the most extreme cases, the 
ultimate outcome is tree mortality, often facilitated by bark 
beetles or other insects.

In mesic ecosystems in the IAP region, a warmer climate 
may enhance growth and decrease mortality (Wu et al. 
2011). Earlier growing seasons with ample moisture, as pro-
jected for some forests, may promote increased productivity. 
This will be especially true at higher elevations where cold 
temperatures, not moisture, limit tree growth. Increased 
biomass will also amplify competition between species, 
thereby favoring shade-tolerant individuals in the absence of 
disturbance. Increased biomass could also reduce resistance 
to forest insect and diseases (Chapter 8).

Regeneration
Microsite conditions required for successful establish-

ment of tree species are typically rare, so seed germination 
and survival, especially for seeds that are wind dispersed, 
are rarely successful (Anderson and Winterton 1996). 
Suitable moisture conditions must persist for long periods 
of time for seed germination and early seedling growth. In 
dry forests, most of the successful regeneration occurs in 
years when soils are moist for an adequate time and heating 
at the soil level does not kill developing leaves and stems. 
A warmer climate may decrease the frequency of high-
regeneration years, and regeneration may become rare on 
the driest sites. In contrast, regeneration may be enhanced 
by warming at high elevation because earlier snowmelt will 
provide more time for seedlings to survive and grow (Butler 
1986).

During mild winters, seed chilling requirements may not 
be met for some species, thereby reducing germination. In 
addition, germination may be delayed to drier times dur-
ing the growing season. For example, Nitschke and Innes 
(2008) found that in a warmer climate, chilling requirements 
were not met for most low-elevation tree species in British 
Columbia. High soil temperatures can stress both germi-
nants and established seedlings (Rochefort et al. 1994). 
Climate change may also affect the dispersal properties of 
seeds. For example, rodent and bird species that disperse 
seeds may shift habitats because of climate-mediated 

changes (Tomback 1998). Longer and drier summers and 
autumns suggest that seed dispersal may occur when the 
ground and litter are dry and unsuitable for seed germination 
and establishment (Neilson et al. 2005).

Genetics and Species Adaptation
Climate affects plant phenotypes and is an agent of natu-

ral selection. Plant adaptations to local environments have 
often developed a clinal (or continuous) response to abiotic 
and biotic factors. In addition, ecotypic (or discontinuous) 
response to environmental gradients may play an important 
role, depending on local soils and topography. Therefore, a 
combination of clinal and ecotypic environmental gradients 
determines long-term plant survival and persistence across 
the landscape.

Natural selection, migration, genetic drift, and mating 
system determine species genetic composition. Thus, the 
ability of plant populations to respond to climate change 
is influenced by underlying patterns of genetic variation. 
Molecular markers can reveal significant genetic diversity 
and divergence among populations. Populations may 
diverge because of fire, volcanic activity (Hansen 1949), 
glaciation (Hamrick 2004), seed dispersal agents (Lorenz 
and Sullivan 2009), and pollinator history. Plants that are 
pollinated by insects or rely on animals to disperse seed are 
more vulnerable to climate change than plants with wind-
dispersed seed, because of the requirement for interaction 
with another organism.

Genetic diversity allows species to adapt to changing 
environments, colonize new areas, occupy new ecologi-
cal niches, and produce substantial and robust progeny 
that persist in the long term (Ledig and Kitzmiller 1992). 
Populations within a species adapt to environmental change 
over time. Species and populations of plants most vulnera-
ble to climate change are typically (1) rare species or genetic 
specialists, (2) species with limited phenotypic plasticity, 
(3) species or populations with low genetic variation, (4) 
populations with low dispersal or colonization potential, (5) 
populations at the trailing edge of a species range, (6) popu-
lations at the lower-elevation limit of their distribution, and 
(7) populations threatened by habitat loss, fire, insects, or 
disease (Spittlehouse and Stewart 2003; St. Clair and Howe 
2011). The ability of a species to respond to environmental 
change is closely tied to its adaptive strategy (e.g., specialist 
or generalist) (table 6.3), mechanisms that shape its genetic 
structure, and the rate of environmental change.

Fragmentation is a critical issue for plant populations 
because isolation and small populations promote inbreeding 
and loss of genetic diversity (Broadhurst et al. 2008; Potter 
et al. 2015). Gene flow from adjacent populations can in-
crease the rate of adaptation by introducing genetic variation 
that is preadapted to warmer or drier climates (Aitken et al. 
2008). This knowledge allows resource managers to select 
an appropriate population or seed source to increase the 
likelihood of desired revegetation or restoration (box 6.4).
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Table 6.3—Summary of attributes characterizing plant species’ adaptive strategies.a

Adaptive strategy

Attributes Specialist Generalist

Factor controlling phenotypic expression of adaptive 
traits

Genotype Environment

Mechanisms for accommodating environmental 
heterogeneity

Genetic variation Phenotypic plasticity

Range of environments where physiological processes 
function optimally

Small Large

Slope of clines for adaptive traits Steep Flat

Partitioning of genetic variation in adaptive traits Mostly among populations Mostly within populations
aModified from Rehfeldt (1994).

Box 6.4—Using Historical Range and Variability to Assess and Adapt to Climate Change

To effectively implement ecosystem-based management, land managers often find it necessary to obtain a reference, 
or benchmark, to represent the conditions that describe fully functional ecosystems (Cissel et al. 1994; Laughlin et al. 
2004). Contemporary conditions can be evaluated against this reference to determine status, trend, and magnitude 
of change, and to design treatments that provide society with valuable ecosystem services while returning declining 
ecosystems to a more sustainable condition (Hessburg et al. 1999; Swetnam et al. 1999). Reference conditions are 
assumed to represent the dynamic character of ecosystems and landscapes, varying across time and space (Swanson et 
al. 1994; Watt 1947). 

The concept of historical range and variability (HRV) was introduced in the 1990s to describe past spatial and 
temporal variability of ecosystems (Landres et al. 1999), providing a spatial and temporal foundation for planning and 
management. HRV has sometimes been equated with “target” conditions (Harrod et al. 1999), although targets can be 
subjective and somewhat arbitrary, representing only one possible situation from a range of potential conditions (Keane 
et al. 2009). HRV encompasses a full range of conditions that have occurred across multiple spatial and temporal scales. 

HRV represents a broad historical envelope of possible ecosystem conditions—burned area, vegetation cover type 
area, patch size distribution—that can provide a time series of reference conditions. This assumes that:

• Ecosystems are dynamic, not static, and their responses to changing processes are represented by past variability

• Ecosystems are complex and have a range of conditions within which they are self-sustaining, and beyond this 
range they transition to disequilibrium (Egan and Howell 2001)

• Historical conditions can serve as a proxy for ecosystem health

• Time and space domains that define HRV are sufficient to quantify observed variation

• Ecological characteristics being assessed for an ecosystem or landscapes match the management objective (Keane 
et al. 2009). 

The use of HRV has been challenged because a warmer climate may permanently alter the environment of 
ecosystems beyond what was observed under historical conditions (Millar et al. 2007a), particularly altered disturbance 
processes, shifts in plant species distribution, and hydrologic dynamics (Notaro et al. 2007). However, a critical 
evaluation of possible alternatives suggests that HRV is still a viable approach in the near term because it has relatively 
low uncertainty.  

An alternative to HRV is projecting future landscape characteristics in a changing climate using complex empirical 
and mechanistic models. However, the range of projections for future climate from commonly used GCMs is quite 
broad (Chapter 3; Stainforth et al. 2005). Additional uncertainty accrues from unknown technological advances, 
behavioral adaptations, and human population growth (Schneider et al. 2007). Moreover, variability of climate extremes, 
not the gradual change of average climate, will drive most ecosystem response to climate-mediated disturbance and 
plant dynamics (Smith 2011). Despite these uncertainties, it will be useful to quantify future range and variability (FRV) 
for landscapes where it is feasible and appropriate (Araujo et al. 2005; Keane et al. 2009). 

Given cumulative uncertainties, time series of HRV may have lower uncertainty than simulated projections of future 
conditions, especially because large variations in past climates are already captured in the time series. It may be prudent 
to wait until simulation technology has improved enough to create credible FRV landscape pattern and composition. 
In the meantime, attaining HRV would be a significant improvement in the functionality of most ecosystems in the IAP 
region, and would be unlikely to result in negative outcomes from a management perspective. As with any approach to 
reference conditions, HRV is useful as a guide, not a target, for restoration and other management activities.
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Some species may not be able to migrate quickly 
enough to keep pace with projected rates of climate 
change (30–300 feet per year) (Davis 1989; Malcolm et al. 
2002). Slow rates of migration may be further impeded by 
landscape fragmentation (Davis and Shaw 2001; Davis et 
al. 2005). Therefore, adaptation may be a more important 
response to climate change than migration. Some authors 
suggest that long-lived species with high levels of ge-
netic variation can respond favorably to climate change 
(Hamrick 2004; Hamrick et al. 1992). However, others 
dispute the ability of forest trees to adapt or migrate and 
suggest trees may be restricted by their long lifespans, 
generation intervals, and juvenile phases (Etterson and 
Shaw 2001; Jump and Peñuelas 2005; Parmesan 2006). 
Because plant populations are genetically adapted to local 
climates, the climatic tolerance of individual populations 
will be critical.

Adaptive strategies for conifers in the IAP region are 
well documented (Rehfeldt 1994). Differences in adaptive 
strategy can be characterized by varietal modifications 
(e.g., Pinus ponderosa var. ponderosa versus var. scopu-
lorum), different elevations, and variable geography. For 
example, P. ponderosa var. ponderosa is characterized as 
having an intermediate (neither generalist nor specialist) 
adaptive strategy, but at high elevation it has a specialist 
strategy (genetic variation is organized into numerous local 
populations, finely tuned to site-specific gradients). Rocky 
Mountain Douglas-fir (Pseudotsuga menziesii var. glauca) 
is characterized as having a specialist adaptive strategy, 
but at high elevation it has a generalist adaptive strategy 
(genetic variation is organized into one or a few popula-
tions capable of surviving, growing, and reproducing 
over a broad range of environments) (Rehfeldt 1989). A 
generalist adaptive strategy is considered more beneficial 
for responding to climate change (table 6.3).

Patterns of adaptive variation in other native plants 
(shrubs, forbs, grasses, sedges) are both clinal and eco-
typic. These patterns involve multiple life forms (annual, 
biennials, perennials) and different ploidy levels (multiple 
copies of DNA, such as 4X, 6X, or 8X), where 2X is the 
base level, in which one copy of DNA is inherited on 
both the maternal and paternal sides. Grasses are largely 
generalists and less vulnerable to climate change, although 
ecotypic variation can overlie the generalist adaptive strat-
egy. Forbs, which are mostly insect pollinated and coupled 
with longer growing seasons and changes in phenology, 
are considered more vulnerable to climate change than 
trees and grasses.

Stressors: Biotic and Abiotic 
Disturbances

A warming climate will rarely be the direct agent of 
change for tree species and communities. Most changes in 
vegetation will occur in response to disturbance or some 
combination of other stressors to climate change (Keane 
et al. 2015a; McKenzie et al. 2009; Peterson et al. 2014a, 

b). The biggest changes across the IAP region are likely 
to be altered water balance and increasing disturbances 
such as wildfire, insects, and nonnative species (Chapter 
8). Disturbances in combination with other stressors (e.g., 
drought) will create disturbance regimes in which multiple 
factors interact to modify ecosystem structure and function 
(Iverson and McKenzie 2013; McKenzie et al. 2009).

Wildfire is pervasive throughout forest ecosystems in 
western North America and was historically a dominant 
landscape disturbance agent in the IAP region. Fire exclu-
sion since the 1920s has disrupted annual occurrence, 
spatial extent, and cumulative area of wildfires, resulting 
in increased surface fuel loads, tree densities, and ladder 
fuels, especially in low-elevation, dry conifer forests. 
Wildfire regimes, defined by fire frequency, annual area 
burned, severity, and pattern, are greatly influenced 
by variability in landscape environmental conditions 
including vegetation distribution, climate, weather, and 
topography (McKenzie et al. 2011). Regionally, years with 
high area burned are correlated with drought, so if drought 
increases as expected, area burned is expected to increase 
significantly (McKenzie et al. 2004; Peterson et al. 2014a).

Fire history determines composition and structure of 
most forests in the IAP region. At the lowest and driest el-
evations, frequent surface fires historically consumed litter 
and dead wood and killed seedlings and smaller trees. Fuel 
accumulations over several decades indicate that future 
fires may be larger and more intense and may cause higher 
rates of tree mortality than historical fire (box 6.3). Fire 
exclusion has not affected fire regimes as much where fires 
were historically infrequent because of relatively cool, 
wet conditions (e.g., high elevation) (Romme and Despain 
1989; Schoennagel et al. 2004). However, earlier onset 
of snowmelt, predicted to occur with changing regional 
climate, will reduce fuel moisture, making these systems 
flammable for longer periods of time and potentially lead-
ing to increased area burned (Miller et al. 2009).

Fire exclusion has resulted in increased tree regenera-
tion and denser forest canopies, coupled with accumulation 
of understory and canopy fuels in dry forests (Ferry et al. 
1995; Keane et al. 2002) (fig. 6.1). These conditions create 
competition for water, light, and nutrients, making trees in 
fire-excluded forests susceptible to mortality from biotic 
and abiotic stressors, such as insects (Anderegg et al. 
2012; Wikars and Schimmel 2001), drought (Allen et al. 
2010), and fire (Hood et al. 2007).

Native insects and diseases naturally occur throughout 
forest cover types of the IAP region (Chapter 8). The level 
of insect and disease activity fluctuates with the avail-
ability of host material, stand conditions, environmental 
factors, and abundance of parasites and predators. These 
agents typically occur at endemic levels within forest eco-
systems and affect mature and weakened trees.

Climate and forest composition and structure influ-
ence insect activity and outbreaks. Mountain pine beetle 
(Dendroctonus ponderosae) is an integral component of 
forest ecosystem processes because of its role in stand 
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thinning and redistribution of resources and nutrients. It 
is responsible for tree mortality across large areas (Logan 
et al. 2003), causing significant ecological and economic 
impacts. Many bark beetle life history traits that influence 
population success are temperature dependent (Bentz 
and Jӧnsson 2015); warming temperatures have directly 
increased bark beetle-caused tree mortality in some areas 
of western North America (Safranyik et al. 2010; Weed 
et al. 2015) (fig. 6.2). Temperature increases will affect 
tree distribution and tree vigor (Chapman et al. 2012; Hart 
et al. 2013). Therefore, future bark beetle-caused tree 

mortality will depend not only on the spatial distribution of 
live host trees and heterogeneity of future landscapes but 
also on the ability of beetle populations to adapt to chang-
ing conditions.

Fungal diseases, dwarf mistletoes (Arceuthobium spp.), 
root diseases, needle casts and blights, and abiotic diseases 
affect forest ecosystems, although the effects of climate 
change on forest diseases are difficult to project. The 
effects of climate change on root disease contribute sig-
nificantly to mortality and loss of tree vigor, although little 
is known about climate-disease relationships. Climate-
mediated changes to forest tree diseases will be dictated by 

Figure 6.1—Area where fire 
has been excluded for many 
decades. Dense stands of 
ponderosa pine and other 
species create fuel ladders 
that can facilitate crown 
fires (photo: U.S. Forest 
Service).

Figure 6.2—Stand containing 
lodgepole pine killed by 
mountain pine beetle. This 
insect has killed lodgepole 
pine across large areas of 
western North America, 
including the Intermountain 
Adaptation Partnership 
region, during the past 20 
years. Chronic damage from 
the beetle may become 
more common in a warmer 
climate (photo: U.S. Forest 
Service).

Chapter 6: Effects of Climate Change on Forest Vegetation



USDA Forest Service RMRS-GTR-375.  2018 125

disease and host tree responses to new climates and their 
interactions (Sturrock et al. 2010). Interactions among bi-
otic diseases, abiotic stressors, and host species will drive 
future pathogen outbreaks.

Soil characteristics, aspect, elevation, and forest stand 
structure contribute to effective moisture availability for 
tree establishment and growth, helping to shape spatial 
patterns of forests. Global climate models (GCMs) indicate 
that the IAP region will have longer, warmer summers 
(Chapter 3). Seral species such as ponderosa pine, which 
can establish on bare soil where high surface temperatures 
(up to 150 °F) exclude other species, have deep roots that 
can reach water and avoid competition with shallow-rooted 
species. In the absence of disturbance, shade-tolerant tree 
species can establish and grow in the understory, allowing 
them to take up water from the nutrient-rich soil surface. 
Leaf surface area increases over time, with leaf areas in 
excess of 6 square feet per square foot of soil surface area 
in some forests. Transpiration also increases over time, 
with the potential to deplete soil water needed to keep trees 
hydrated throughout the summer.

Climate Change Assessment  
for Tree Species

Here we assess vulnerability for tree species, vegetation 
types, and resources of concern in the IAP region, based on 
(1) ecological characteristics, (2) disturbance interactions, 

(3) current and historical conditions, and (4) potential 
climate change responses (table 6.4). Most of the mate-
rial in this section was derived from published literature, 
although observational information is included for context. 
Scientific literature on climate change effects is limited for 
some species and forest types, making it necessary in some 
cases to augment the literature with expert knowledge to 
develop inferences.

Tree Species
Tree species in the IAP region will respond to climate 

change through modification, contraction, and expansion. 
First, a species could increase or decrease in productiv-
ity in situ within its current range because of increasing 
temperatures and adequate precipitation (modification, 
or acclimatization). Second, a species may diminish or be 
extirpated, if conditions change enough to become inhos-
pitable to that species (Allen et al. 2010) (contraction). 
Finally, a species could migrate to areas that are more 
conducive to establishment and growth (Johnstone and 
Chapin 2003) (expansion). Any species can have multiple 
modes of response to climate change, and most species 
will respond to future climates via all three modes.

Application of these three modes to determine future 
species dynamics requires integration of variability and 
scale. For example, assessment of species migration 
requires a long temporal scope to evaluate species range 
shifts (Prentice et al. 1991). A tree species could become 

Table 6.4—Categories used to assess vulnerability of species and vegetation types. 

Evaluation category Description Example

Habitat, ecosystem function, or 
species

Specific biophysical or social entity of interest Whitebark pine

Broad-scale climate change effect Overarching change in climate that is expected 
to affect a resource

Warming temperatures

Current condition, existing stressors Current status of resource relative to desired 
conditions, including factors that are reducing 
the quality or quantity of the resource

Reduced abundance, wildfire, 
mountain pine beetle, white pine 
blister rust

Sensitivity to climatic variability and 
change

Specific sensitivity of a habitat, species, or 
ecosystem function that responds to climate 

Low ability to compete with 
encroaching conifers

Expected effects of climate change How specific habitat, species, or ecosystem 
function is expected to respond to climate 
change (develop inferences from model 
projections and known responses to climatic 
variability)

Regeneration may be reduced by 
combination of warming and low 
seed availability

Adaptive capacity Ability to adjust to climate change, to moderate 
potential damages, or to cope with the 
consequences; usually more appropriate for 
species than for systems and processes

Variable: unable to compete 
with other tree species, but bird-
mediated seed dispersal allows 
rapid colonization of burned 
areas

Exposure The extent to which each species’ physical 
environment will change 

High
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established in a “new” environment made suitable by 
climate change, such as subalpine tree expansion, but vari-
ability in climate may prevent long-term establishment. In 
addition, shifts in species distribution and abundance will 
be governed primarily by disturbance, not competition, 
so disturbance adaptations will be more important than 
climatic niches.

Most of the information on vulnerability of tree species 
to climate change was derived from recent summaries 
on projected climate change effects (Bollenbacher 2012; 
Devine et al. 2012; Keane et al. 2015a) and older literature 
on autecology and silviculture (Burns and Honkala 1990; 
Minore 1979). The following summaries integrate genetic, 
morphological, ecological, and disturbance characteristics 
to project how a tree species will respond to a warmer 
climate.

In general, the literature is inconsistent on the response 
of tree species to climate change. Results from SDMs 
often differ from other sources that include gap modeling, 
mechanistic ecosystem simulation, and field data sum-
maries. As a result, we do not emphasize SDM results 
in assessment evaluations. Most climate change studies 
project few species changes after moderate warming (e.g., 
B1, B2, A1B, RCP 4.5 scenarios) but major species shifts 
under the most extreme emissions scenarios (e.g., A1, RCP 
8.5). Timeframe also affects inferences about vulnerability. 
Management timeframes of 10 to 50 years are not long 
enough to effectively evaluate changes in wildfire, native 
insects, and tree growth because ecosystem response to 
disturbance may require two to five times the disturbance 
return interval. Finally, projections by GCMs vary, so 
the magnitude and rate of climate change, especially by 
the end of the 21st century, are uncertain (but are always 
considerably warmer). We have confidence in these 
projections at broad spatial scales, but less confidence for 
specific locations.

Douglas-fir (Pseudotsuga menziesii)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Douglas-fir (fig. 6.3) is found throughout the IAP region, 

growing in pure and mixed conifer stands (Hermann and 
Lavender 1990), often associated with ponderosa pine, 
Jeffrey pine (Pinus jeffreyi), grand fir (Abies grandis), 
subalpine fir, and quaking aspen (Populus tremuloides). 
Regeneration is most successful where Douglas-fir is seral 
(Ryker and Losensky 1983), and seedling growth is strongly 
limited by moisture and competing vegetation. Douglas-fir 
is intermediate in shade tolerance, tolerating drought bet-
ter than most competitors (except for ponderosa pine and 
Jeffrey pine) by keeping stomata open to extract soil water 
at low soil water potentials (Sala et al. 2005; Stout and Sala 
2003). The species exhibits high genetic differentiation, 
which is strongly associated with geographic or topographic 
features (Rehfeldt 1978). Seed sources on south aspects 
have adaptive characteristics for a shorter growing season 
and drier soils and may survive under drought stress better 
than seedlings from north aspects.

Disturbance Interactions
Mature Douglas-fir is resistant to fire injury because 

of its thick bark, deep main roots, and high crowns (Ryan 
and Reinhardt 1988). Ponderosa pine and western larch 
can survive fire across all life stages, so on sites with 
frequent fires where Douglas-fir is associated with these 
other species, its cover is usually kept low by fire (Agee 
1991). Douglas-fir is subject to damage from a variety of 
agents that may increase under future climates (Hermann 
and Lavender 1990), including Douglas-fir beetle 

Figure 6.3—Douglas-fir. 
Growth of Douglas-fir 
in the Intermountain 
Adaptation Partnership 
region is expected to 
decrease in a warmer 
climate (photo: C. 
Restaino, used with 
permission).
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(Dendroctonus pseudotsugae), western spruce budworm 
(Choristoneura occidentalis), and Douglas-fir tussock 
moth (Orgyia pseudotsugata). The latter two insects attack 
trees of all ages at periodic outbreak intervals, often result-
ing in severe defoliation during outbreak years. Armillaria 
(Armillaria solidipes) and annosus (Heterobasidion an-
nosum) root diseases may intensify in infection and widen 
in distribution to cause high tree mortality. Annosus root 
disease is particularly lethal in Douglas-fir (Hagle 2003). 
Of the many heart rot fungi (more than 300) attacking 
Douglas-fir, the most damaging and widespread is red ring 
rot (Porodaedalea pini).

Historical and Current Conditions
Historical frequent wildfire kept Douglas-fir from 

becoming established on some dry sites where it was asso-
ciated with ponderosa pine. The cumulative effects of fire 
exclusion and logging have allowed Douglas-fir to become 
more dominant across some portions of the IAP region, 
often with high stem densities in fire-excluded stands. This 
has created areas where both canopy and surface fuels 
are high (Keane et al. 2002), predisposing Douglas-fir 
forests to future crown fires. In addition, these dense stand 
conditions have contributed to decreased vigor, which 
makes species susceptible to western spruce budworm and 
Douglas-fir beetle outbreaks.

Climate Change Responses
Some studies suggest that Douglas-fir distribution will 

increase in a warmer climate (Morales et al. 2015) and that 
growth will increase (Soulé and Knapp 2013), although 
a recent study provides convincing evidence that growth 
will decrease throughout its range (Restaino et al. 2016). 
It is likely that multiple factors will contribute to reduced 
distribution and vigor of Douglas-fir forests in some loca-
tions. Increased heat loading following severe wildfires 
is expected to be more common in the future, and may 
reduce Douglas-fir regeneration at lower-elevation sites 
and on south aspects (Kemp 2015). Douglas-fir may also 
face increasing competition from ponderosa pine, which 
is more drought tolerant (Stout and Sala 2003), and it 
may not have the genetic potential to rapidly migrate to 
more conducive sites (Aitken et al. 2008). In addition, 
Douglas-fir could have less resistance to the native insects 
previously mentioned if it is chronically stressed by low 
soil moisture. Increased wildfires, coupled with adverse 
effects of fire exclusion, could reduce tree survival in the 
future and make trees more susceptible to Douglas-fir bee-
tle (Hood and Bentz 2007; Hood et al. 2007). Klopfenstein 
et al. (2009) projected that the range of Armillaria root 
rot will remain constant in a warmer climate, and if areas 
where Douglas-fir is maladapted increase, susceptibility to 
root rot could also increase. With limited genetic diversity 
at low to middle elevations and a more generalist strategy 
at higher elevations (St. Clair and Howe 2007), Douglas-fir 
may retract from the driest portions of its range.

Grand Fir (Abies grandis)

(Middle Rockies subregion)

Autecology
Grand fir is found on a wide variety of sites, including 

stream bottoms, valleys, and mountain slopes in the Middle 
Rockies of the IAP region (Foiles et al. 1990), typically 
in association with other conifer species. Grand fir grows 
best on rich soils of valley bottoms but also grows well 
on shallow exposed soils of mountain ridges, if moisture 
is adequate (Antos and Shearer 1980). Grand fir is either 
an early- or late-seral species, depending on site moisture 
(Ferguson and Johnson 1996). On productive mesic sites, 
it grows rapidly to compete with other seral species in the 
overstory, but other conifer species can outcompete it. On 
drier sites, it is the most shade-tolerant species and can 
dominate the understory. Grand fir can also share dominance 
with subalpine fir, especially in narrow valley bottoms, 
where it can exert dominance in lower elevational zones 
(Antos and Shearer 1980). Grand fir has high shade toler-
ance but low drought tolerance. It forms associations with 
ectomycorrhizae and arbuscular mycorrhizae, which may 
allow it to outcompete some shade-tolerant conifers. It has 
low frost tolerance but can tolerate fluctuating water tables.

Disturbance Interactions
Grand fir is susceptible to fire damage in moist creek 

bottoms but is more resistant on dry hillsides where roots 
are deeper and bark is thicker (Ryan and Reinhardt 1988). 
Wildfires that burn grand fir stands are stand replacing or 
mixed severity, generating sufficient heat to kill even mature 
trees (Arno 1980; Arno et al. 2000). Grand fir is susceptible 
to Armillaria and annosus root diseases, which can cause 
high levels of tree mortality (Hagle et al. 2003). Numerous 
insects attack grand fir, including western spruce budworm 
and Douglas-fir tussock moth, which cause widespread 
defoliation, top kill, and mortality. The western balsam bark 
beetle (Dryocoetes confusus) and fir engraver (Scolytus 
ventralis) are the principal bark beetles that attack grand fir 
(Foiles et al. 1990).

Historical and Current Conditions
Fire exclusion has increased grand fir on both dry and 

mesic sites, and higher tree densities have stressed grand 
fir, making it more susceptible to root rot and insect attacks. 
Therefore, the condition of most grand fir stands depends 
on the last severe fire; if fire exclusion has caused grand fir 
to dominate in both the overstory and understory, then these 
stands are usually stressed because of high densities and 
increased root rot and insects. However, in early-seral stands 
where high grand fir regeneration has not yet occurred, an 
increase in fir is likely with continued fire exclusion.
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Climate Change Responses
On dry sites, increased drought and longer growing sea-

sons will exacerbate stress caused by competition, resulting in 
high mortality of grand fir, mainly from insects and disease. 
Nitschke and Innes (2008) used a gap model to project major 
declines in grand fir, and Coops and Waring (2011) used a 
mechanistic model to simulate a nearly 50 percent decrease 
in the range of grand fir compared to historical distributions. 
However, increased productivity may lead to increased grand 
fir populations in locations with higher soil moisture (Aston 
2010; Urban et al. 1993). As noted earlier, increased densities 
may also lead to increased stress. Longer fire seasons and 
high fuel loadings from fire exclusion will probably lead to 
large, severe fires that may reduce grand fir in drier locations. 
In summary, although grand fir is often stressed by high stem 
densities, the species is likely to tolerate changes in climate 
and remain on the landscape at levels that are closer to histori-
cal conditions rather than its current abundance.

Shasta Red Fir (Abies magnifica)

(Great Basin and Semi Desert subregion)

Autecology
Shasta red fir grows best in areas with cold, wet win-

ters and warm, dry summers (Lanner 1983; Oosting and 
Billings 1943; Rundel et al. 1977). The growing season in 
these areas is short, with snow often on the ground in July 
(Barbour 1988; Barbour et al. 1991; Holland 1986; Mitchell 
and Moir 1976). Red fir can be found growing at lower 
elevations in canyons and other protected places where 
significant cold air drainage keeps soil and air temperatures 
low (Parker 1984). The species also occurs at high elevation 
on mountain ranges that continue in active formation, where 
it thrives on young, xeric soils. Red fir has a high frost 
tolerance and low drought tolerance. It is a late-seral species 
nearly everywhere it is found. Although red fir grows best 
in full sunlight, it can survive and grow for long periods in 
relatively dense shade.

Disturbance Interactions
Shasta red fir sustains moderate damage from low- 

severity fires but is often killed by mixed-severity fires 
(Atzet and Wheeler 1982). Openings created in mixed 
red fir and white fir (Abies concolor) stands in the Sierra 
Nevada tend to regenerate more readily to red fir (Parker 
1986). Red fir is susceptible to windthrow after partial 
cutting, especially when marginal codominant and lower 
crown classes are left as the residual stand (Gordon 
1973). Root diseases such as annosus root rot contribute 
significantly to lack of wind firmness. Other diseases that 
reduce tree vigor include dwarf mistletoe and cytospora 
(Cytospora spp.) canker, which, in turn, make trees sus-
ceptible to fir engraver attack.

Historical and Current Conditions
Native Americans used Shasta red fir forests for 

hunting mule deer (Odocoileus hemionus) and for other 
sources of food and materials during summer. Mining, 
logging, water diversions, railroad development, and 
sheep grazing altered some lower-elevation fir forests 
during the late 19th and early 20th centuries (Meyer 
n.d.). Burning was used to promote growth of grasses 
and forbs and to remove fuel and young trees from the 
understory (McKelvey and Johnston 1992), thus reducing 
fir regeneration. Starting in the 1950s, timber harvest and 
extensive road infrastructure began in portions of red fir 
forest, with silvicultural techniques that create even-aged 
stands being implemented (Potter 1998). By the 1990s, 
silvicultural practices emphasized shelterwood cutting and 
uneven-aged silvicultural systems (Laacke and Tappeiner 
1996). Despite this history of resource use, red fir is 
largely undisturbed in many higher-elevation and isolated 
locations.

Climate Change Responses
Shasta red fir is expected to sustain moderate effects 

from a warmer climate. If snowpack decreases as ex-
pected, a longer growing season may increase growth at 
higher elevations. Regeneration could also improve under 
these conditions. Lower-elevation populations may grow 
more slowly where soil moisture is limited in summer. 
Red fir is typically found in forests with mixed-severity 
fire regimes, so if wildfire becomes more frequent than 
historical records indicate, especially where fuel loadings 
are elevated, fire severity could cause crown fires with 
high mortality in younger trees (older trees have thick 
bark and high crowns). Increased fire could produce a 
more open forest structure over decades to centuries.

Subalpine Fir (Abies lasiocarpa)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Although widely distributed, subalpine fir grows 

within a narrow range of mean temperatures of 25 to 40 
°F, with average January temperatures of 5 to 25 °F. Cool 
summers, cold winters, and deep winter snowpack are 
more important than precipitation in determining where it 
grows. Subalpine fir ranges from lower valleys to the up-
per subalpine zone in the IAP region, typically mixed with 
other species, most notably Douglas-fir and Engelmann 
spruce. Subalpine fir is shade tolerant; partial shade 
usually favors seedling establishment and early survival 
(Knapp and Smith 1982). It is relatively intolerant of 
drought, and seedlings can be killed by lengthy droughts. 
It is a prolific seeder, often having large cone crops every 
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2 to 3 years (Alexander et al. 1990), and although dense 
mats of seedlings can occur, they are also susceptible to 
many herbivores and pathogens.

Disturbance Interactions
Subalpine fir is highly susceptible to fire damage be-

cause of thin bark, shallow roots, and low, dense crowns 
(Ryan and Reinhardt 1988). Even low-intensity fire can 
cause mortality, and frequent fires can eliminate subal-
pine fir from both the overstory and understory, thereby 
maintaining more fire-adapted species such as lodgepole 
pine (Little et al. 1994; Murray et al. 1995; Wadleigh 
and Jenkins 1996). In spruce-fir forests, the most impor-
tant insects are western spruce budworm and western 
balsam bark beetle (Drycoetes confusus). Fir broom rust 
(Melampsorella caryophyllacearum) and wood rotting 
fungi are responsible for most disease losses, but root and 
butt rots may be important locally. Decades of intense 
competition, coupled with a period of moderate to severe 
drought, can cause mortality in subalpine fir stands.

Historical and Current Conditions
Effects of fire exclusion have not yet become manifest 

in most subalpine fir ecosystems because of historically 
infrequent fire and slow successional advancement. 
However, abundance of subalpine fir has increased in 
some landscapes (Keane et al. 1994). These dense stands 
have become stressed from competitive interactions, 
resulting in susceptibility to disturbances and drought. 
If these stands continue to escape fire, the seed sources 
of co-located, fire-adapted species may be eliminated, 
and high-elevation sites could be converted to grass and 
shrublands (Keane 2001). In addition, if fire is excluded 
from these dense forests, fuels will accumulate, inevitably 
leading to high-severity fires (Keane 2001; Morgan et al. 
1994b). Recent USFS Forest Health Monitoring data in 
the IAP region indicate that dieback of subalpine fir is 
occurring in some locations, attributed to a complex of 
drought, insects, and pathogens.

Climate Change Responses
Because subalpine fir is adapted to moist growing 

conditions, it is likely to respond poorly to increasing 
temperatures and drought (Alexander et al. 1990; Brunelle 
et al. 2005; Whitlock and Bartlein 1993). However, it is 
a good competitor and may be able to expand its range at 
treeline (Little et al. 1994; Rochefort et al. 1994; Villalba 
et al. 1994) and increase growth in a longer growing sea-
son (Peterson et al. 2002). Seedling establishment may be 
the bottleneck for subalpine fir establishment in the future 
because the species needs long periods of high moisture 
for germination and seedling establishment (Urban et al. 
1993), and years that meet these conditions may be less 
frequent in the future. If stand densities increase, competi-
tive stress will increase, making fir more vulnerable to 
insects, disease, and abiotic factors. If wildfire increases 
where subalpine fir is dominant, abundance would 

decrease from the direct effects of higher temperature. 
Subalpine fir is likely to shift across the high mountain 
landscape, with expansion balancing retraction, although 
fire, disease, and insects may limit abundance.

White Fir (Abies concolor var. concolor)

(Uintas and Wasatch Front, Plateaus, 
Great Basin and Semi Desert 
subregions)

Autecology
White fir is distributed throughout most of the American 

Southwest, from canyon bottoms and ravines up to 
ridgetops. It is a dominant, late-seral component of some 
habitat types in Utah and develops best on gentle slopes 
(Laacke 1990), although the rooting habit is adaptable to 
depth of the soil profile. It can survive for long periods as a 
suppressed tree in the understory, then respond with rapid 
growth if light becomes available. Within mixed conifer 
forests, white fir tends to achieve dominance on moist 
sites, especially if long fire return intervals provide the op-
portunity for it to mature to a point at which it is moderately 
fire tolerant. White fir is sensitive to frost damage (Laacke 
1990), and is susceptible to windthrow following partial 
cutting.

Disturbance Interactions
In mixed conifer forests with an intact low-severity fire 

regime, white fir rarely attains dominance because it is more 
fire sensitive than its associates (Agee 1982; Alexander et 
al. 1984). Thus, many white fir habitat types are in mid-seral 
stages, with various species dominating the overstory and 
white fir dominating the reproductive size classes. White fir 
mistletoe (Phoradendron bolleanum subsp. pauciflorum) 
and white fir dwarf mistletoe (Arceuthobium abietinum f. 
sp. concoloris) damage white fir, causing spike tops, loss 
of vigor, and increased susceptibility to bark beetles (Bega 
1978). White fir is susceptible to a number of decay fungi 
including annosus root disease, Armillaria root disease, 
laminated root rot (Phelllinus weirii), yellow cap fungus 
(Pholiota limonella), Indian paint fungus (Echinodontium 
tinctorium), and white pocket rot (Phellinus mini). Fir 
engraver beetle causes major losses throughout the range of 
white fir (Wilson and Tkacz 1996).

Historical and Current Conditions
White fir, which has historically been dominant on wetter 

sites and codominant in drier mixed conifer forests, has in-
creased in abundance in areas where fire has been excluded. 
In some cases, the understory in fire-excluded stands is 
dense, and surface fuels are high, conditions conducive to a 
crown fire (Dahms and Geils 1997; McKelvey and Johnston 
1992). If dense stands escape fire, the seed sources of other 
fire-adapted species may be eliminated, and some sites may 
have increased dominance of grass and shrublands (Keane 
2001). White fir mortality following wildfire is often  
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100 percent, although associated species such as ponderosa 
pine and Douglas-fir often survive. White fir has never been 
a primary timber species, although it has been logged in 
some places. It was often left uncut where more valued spe-
cies were removed, becoming the residual dominant.

Climate Change Responses
White fir has high shade tolerance but low drought 

tolerance, so low soil moisture will have the greatest ef-
fects in well-drained soils and on south aspects. Sudden 
temperature increases during May and June can cause 
damage nearly identical to that of spring frosts, which 
may be an issue for some fir populations. A modeling 
study in California suggested that effects of climate 
change on white fir will be moderate (Battles et al. 
2008), and although this may be true in the IAP region, 
wildfire will play a major role in its future distribution 
and abundance. White fir is typically found in forests 
with low-severity and sometimes mixed-severity fire re-
gimes, so if fire becomes more frequent than historically, 
especially where fuel loadings are elevated, fire severity 
could cause crown fires with high mortality rates. Over 
decades to centuries, increased fire could produce a more 
open forest structure with fewer white fir in both the 
canopy and understory.

Rocky Mountain Juniper (Juniperus 
scopulorum)

(Uintas and Wasatch Front subregion)

Autecology
Rocky Mountain juniper grows in dry, sub-humid 

climates. It is a drought-enduring species with a shallow 
but fairly extensive lateral root system. Rocky Mountain 
juniper is normally a component of early-seral or near 
late-seral vegetation. It is relatively shade tolerant dur-
ing the seedling and sapling stages, but it later becomes 
more intolerant and is unable to endure excessive shade. 
In Utah, junipers have been observed occupying sage-
brush stands under certain conditions; twoneedle pinyon 
(Pinus edulis) generally follows and tends to replace 
juniper. Pinyon-juniper communities may encroach into 
grasslands that have been overgrazed or disturbed. Once 
established, Rocky Mountain juniper competes well with 
understory vegetation for water and nutrients.

Recent paleobotanical studies indicate the macro-
climate covering much of the Rocky Mountain juniper 
range has changed from mesic to more xeric conditions. 
Juniper is generally less drought resistant than other 
juniper species, and high temperatures are not favorable 
for regeneration or growth. Rocky Mountain juniper 
was present in western Nebraska and the Laramie Basin 
of Wyoming as recently as 1,000 years BP, with some 
trees over 50 inches in diameter (Tauer et al. 1987; Van 
Devender 1987).

Disturbance Interactions
Rocky Mountain juniper is susceptible to loss from 

erosion simply because it is often established on exposed 
sites where soils are readily eroded. It is susceptible to 
death or injury from fire, primarily because the bark is 
thin, and the lower branches contain volatile oils and 
normally extend to the ground (Hepting 1971; Noble 
1990; Sieg 1997). Rocky Mountain juniper has a compact 
crown when young, and because it grows slowly, is 
susceptible to fire for the first 20 years or more (Crane 
1982; Fischer and Clayton 1983; Hansen and Hoffman 
1988; Mitchell 1984; Mueggler 1976; Stanton 1974). 
As trees mature, they develop thicker bark and a more 
open crown, allowing them to potentially survive surface 
fires. Large-diameter junipers have been documented to 
survive four to six fires.

Postfire reestablishment is solely by seed (Floyd et al. 
2000), and animal transport of seeds is an important fac-
tor (Paysen et al. 2000). Regeneration is often high after 
old trees burn (Stanton 1974; Wright 1972). Frequent 
fires in pinyon-juniper habitat can maintain a grassland 
setting, and the absence of fire will allow conversion to 
woodlands (Gruell 1986). After fire in pinyon-juniper, 
junipers usually establish first, followed by pinyon pine, 
which may eventually replace juniper on higher-elevation 
sites (Holland 1990). The nonnative annual cheatgrass 
(Bromus tectorum) has become increasingly common in 
the understory over the past few decades, providing abun-
dant fine surface fuels and increasing the potential for 
more frequent wildfires (Shinneman and Baker 2009).

Historical and Current Conditions
Rocky Mountain juniper was a source of fuel (charcoal) 

for the mining industry between the 1860s and 1920s 
(Young and Budy 1979), and it has been used extensively 
for firewood, fence posts, and other needs, with local 
deforestation occurring in some locations. In some lower-
elevation sites, juniper has been cut or removed from the 
landscape through chaining and herbicides to encourage 
the growth of grasses and forage for livestock grazing. 
Persistent woodlands of Rocky Mountain juniper, pinyon 
pine, or a mixture of both are found where local soils and 
climate are favorable, and wildfire has been infrequent 
(Romme et al. 2009). Pinyon-juniper savannas are found 
where local soils and climate are suitable for both trees 
and grasses, and low-severity fires have been relatively 
frequent. Wooded shrublands are found where local soils 
and climate support a shrub community, but trees have 
increased during moist climatic conditions and periods 
without wildfire. Large increases in juniper density have 
occurred in portions of all types of pinyon-juniper vegeta-
tion, which may have been driven by factors such as natural 
range expansion, livestock grazing since the 1880s (which 
reduced fuels and probably decreased fire frequency), fire 
exclusion, climatic variability, and carbon dioxide fertiliza-
tion (Romme et al. 2009).
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Climate Change Responses
Rocky Mountain juniper is drought tolerant, and 

reduced soil moisture is not expected to have a significant 
effect on its abundance and distribution, although its 
growth and expansion into adjacent shrub-steppe systems 
could be slowed. The future of Rocky Mountain juniper 
will largely depend on spatial and temporal patterns 
of wildfire, which is expected to increase in frequency 
(Floyd et al. 2004). Junipers can generally survive low-
severity fire if they are at least 20 years old, so if fires 
occur more frequently than that, tree mortality will be 
high. After an initial fire, accumulation of surface fuels 
and tree regeneration could be slow because of moisture 
limitations, resulting in a sparse canopy and discon-
nected fuels (Rocca et al. 2014). The long-term condition 
of juniper is complicated by nonnative annual grasses, 
especially cheatgrass, which increases surface fuels and 
fire frequency.

Utah Juniper (Juniperus osteosperma)

(Plateaus, Great Basin and Semi Desert 
subregions)

Autecology
Utah juniper is a late-seral species in several pinyon- 

juniper, sagebrush (Artemisia spp.)-grassland, and shrub-
steppe habitats. Utah juniper tolerates dry soils (Hickman 
1993; Lanner 1983; Meeuwig and Bassett 1983), commonly 
growing on alluvial fans and dry, rocky hillsides (Barney 
and Frischknecht 1974; Hitchcock and Cronquist 1973; 
Pieper 1977; Shantz and Piemeisel 1940) with shallow, 
alkaline soils (Bunderson et al. 1985). Utah juniper is shade 
intolerant (Meeuwig and Bassett 1983); it is a late-seral 
species in areas where stands are open and regeneration 
can occur without competition for light. Utah juniper has 
a taproot that extends deep into the soil, responding to low 
nutrient levels in the soil by developing extensive fine roots. 
Juniper competes more efficiently for soil moisture than do 
herbaceous understory plants, and is more likely to maintain 
a stable population as understory plants decrease (Austin 
1987; Everett et al. 1983; Springfield 1976).

Disturbance Interactions
Utah juniper is generally not fire tolerant, although trees 

more than 4 feet tall are capable of surviving low-intensity 
fires (Bradley et al. 1992; Springfield 1976). Cheatgrass has 
become increasingly common in the understory over the 
past few decades, continually providing abundant fine sur-
face fuels on and increasing the potential for more frequent 
wildfires (Shinneman and Baker 2009).

Historical and Current Conditions
Utah juniper was a source of fuel (charcoal) for the 

mining industry between the 1860s and 1920s (Young and 
Budy 1979), and has been used extensively for firewood, 

fence posts, and other needs, with local deforestation in 
some locations. In some lower-elevation locations, juniper 
has been removed from the landscape through chaining 
and herbicides to encourage growth of grasses and forage 
for livestock grazing. Persistent woodlands of juniper or 
pinyon pines, or a mixture of both, are found where local 
soils and climate are favorable, and wildfire has been in-
frequent (Romme et al. 2009). Pinyon-juniper savannas are 
found where local soils and climate are suitable for both 
trees and grasses, and low-intensity fires are relatively 
frequent. Wooded shrublands are found where local soils 
and climate support a shrub community, but trees have 
increased during moist climatic conditions and periods 
without wildfire. Large increases in juniper density have 
occurred in portions of all types of pinyon-juniper vegeta-
tion, which may have been driven by factors such as natural 
range expansion, livestock grazing (since the 1880s, which 
reduced fuels and probably decreased fire frequency), fire 
exclusion, climatic variability, and carbon dioxide fertiliza-
tion (Romme et al. 2009).

Climate Change Responses
Utah juniper is drought tolerant, and reduced soil 

moisture is not expected to have a significant effect on its 
abundance and distribution, although growth may decline 
even as it spreads into adjacent shrub-steppe systems. The 
future of Utah juniper will largely depend on spatial and 
temporal patterns of wildfire, which is expected to increase 
in frequency (Floyd et al. 2004). Junipers can generally sur-
vive fire only if they are tall enough for the crown to escape 
flames. Following an initial fire, accumulation of surface 
fuels and tree regeneration will probably be slow because 
of moisture limitations, resulting in a sparse canopy and 
disconnected fuels (Rocca et al. 2014). The long-term condi-
tion of juniper is complicated by nonnative annual grasses, 
especially cheatgrass, which increases surface fuels and fire 
frequency.

Western Larch (Larix laricina)

(Middle Rockies subregion)

Autecology
Western larch grows in relatively cool, moist forests in 

the Middle Rockies portion of the IAP region (Habeck 1990; 
Schmidt and Shearer 1990), typically associated with several 
other conifer species. It is often found in locations that have 
relatively high snowfall, and is rarely found in xeric sites 
(Gower et al. 1995). Cone and seed production is abundant 
when trees are older than 30 years, with good seed crops 
occurring every 10 to 14 years (Owens 2008). Seed germi-
nates best on seedbeds exposed by burning or mechanical 
scarification (Antos and Shearer 1980; Beaufait et al. 1977; 
Schmidt 1969; Shearer 1976), and young seedlings grow fast 
on suitable sites, although drought reduces seedling survival 
(Schmidt and Shearer 1995). Shade intolerant, larch grows 
fast with tall, open crowns, allowing it to outcompete other 
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species on mesic sites (Milner 1992). It is moderately drought 
tolerant and can survive seasonal drought, but performs 
poorly when droughts last more than 2 years.

Disturbance Interactions
Western larch depends on open-canopy, high-light 

environments and mineral soil seedbeds created by fire for 
successful regeneration (Schmidt et al. 1976). It can survive 
intense fire because of thick bark (Ryan and Reinhardt 1988), 
high crowns, deep roots, and epicormic branch production 
(Fiedler and Lloyd 1995; Harrington 2012; Schmidt and 
Shearer 1995; Schmidt et al. 1976), often surviving crown 
fires that kill other species (Marcoux et al. 2015). Seeds are 
wind dispersed across large burns, and if mature lodgepole 
pine occurs with larch, regeneration may be dominated by 
both species (Hopkins et al. 2013).

Western dwarf mistletoe (Arceuthobium campylopodum) 
is a damaging, parasitic plant of larch (Schmidt and Shearer 
1990). It infects seedlings and persists throughout the life of 
the tree, causing reduced growth, water loss, and deformities. 
Cool, wet springs favor foliar diseases such as larch needle 
cast (Meria larisis), which, in turn, can reduce cone produc-
tion. Larch needle blight (Hypodermella laricis), brown trunk 
rot (Fomitopsis officinalis), and red ring rot (Phellinus pini) 
are also important pathogens. Western spruce budworm and 
the nonnative larch casebearer (Coleophora laricella) are 
the two most serious insect pests (DeNitto 2013; Schmidt 
and Fellin 1973). Although neither insect causes substantial 
mortality, episodic outbreaks can cause severe defoliation and 
reduce growth and cone production (Schmidt et al. 1976).

Historical and Current Conditions
Western larch was formerly an important timber species, 

but extensive logging during the 20th century removed many 
of the large larches, reducing its dominance on the landscape 
(Arno 2010). Reduced seed sources for regeneration and fire 
exclusion have reduced burned mineral soil seedbeds where 
larch can regenerate. Continued fire exclusion has increased 
stand densities and increased surface fuel loads, which will 
make future fires more intense than they have been historical-
ly. Considerable effort is underway to increase the distribution 
and abundance of western larch in locations where it was 
previously more common.

Climate Change Responses
Western larch may be susceptible to a warmer climate 

because of its narrow geographic and elevation distribution 
and its uncertain association with wildfire. If fire increases, 
larch may have a colonization advantage, as long as fire 
mortality is moderate and mature trees remain to serve as 
seed sources. Without seed sources, regeneration may require 
assistance from management through planting. If fire exclu-
sion continues, stand densities will increase and larch may be 
outcompeted by shade-tolerant competitors, making it more 
susceptible to insects and disease. When dense stands burn, 
crown fires may kill older, seed-producing trees (Hopkins 

et al. 2013). Keane et al. (1996) simulated major declines 
for western larch under fire exclusion and moderate climate 
change, but found it increased as more fire was allowed 
to burn over many decades. Larch can take advantage of 
changes in productivity in colder sites, as long as these areas 
burn with low intensity and larch survives the fires to provide 
seed for regeneration.

Great Basin Bristlecone Pine (Pinus 
longaeva) and Rocky Mountain 
Bristlecone Pine (P. aristata)

(Uintas and Wasatch Front, Plateaus, 
Great Basin and Semi Desert 
subregions)

Autecology
Great Basin bristlecone pine occurs in montane, subalpine, 

and treeline communities from 7,200 to 12,000 feet elevation 
(Hickman 1993; Lanner 1999), typically in multi-aged stands 
(Bradley et al. 1992). It grows in pure stands at treeline and in 
the upper subalpine zone, and is codominant with limber pine 
at lower elevations (Critchfield and Allenbaugh 1969; Vasek 
and Thorne 1977). Great Basin bristlecone pine is drought 
tolerant (Bare 1982; Tang et al. 1999), occurring in climates 
that are cold in winter and dry in summer. It establishes 
quickly in open mesic sites (Hawksworth and Bailey 1980), 
but competes poorly for water and nutrients, and is usually 
excluded from productive sites (Beasley and Klemmedson 
1973; Hiebert 1977).

Rocky Mountain bristlecone pine occurs from 8,200 to 
11,000 feet elevation (FNAA 2009) and is common on steep, 
dry, south- or west-facing slopes. It grows in cold, continental 
climates, with precipitation patterns influenced by summer 
monsoons bringing afternoon rain. Rocky Mountain bristle-
cone pine is commonly found on unproductive sites with 
nutrient-poor, acidic soils. This species often occurs in pure 
stands or mixed with limber pine.

Disturbance Interactions
As a thin-barked species (Zavarin and Snajberk 1973), 

Great Basin bristlecone pine is adapted to survive only 
low-intensity surface wildfires, although fire is infrequent at 
high-elevation sites (Bradley et al. 1992). White pine blister 
rust (Cronartium ribicola) is present in some stands, but it 
rarely has a significant effect on populations. Most high-
elevation pines eventually die from root rot decay or soil 
erosion, which exposes and kills roots (Lanner 1999). Small 
wildfires may kill a few trees.

Wildfires are common in Rocky Mountain bristlecone pine 
sites, but are usually small in extent and cause minimal dam-
age because patchy stand structure and low fuel loadings limit 
fire spread (Crane 1982). Although fire is not a major distur-
bance factor, Rocky Mountain bristlecone pine is favored in 
early postfire succession because it is a shade-intolerant seral 
species (Baker 1992; Schoettle 2003). Blister rust has been 
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recorded in this species only recently (Blodgett and Sullivan 
2004) and is rarely observed in the IAP region.

Historical and Current Conditions
Great Basin bristlecone pine and Rocky Mountain 

bristlecone pine are located at high elevation in relatively 
inaccessible locations. Because these species have no com-
mercial value, they generally remain undisturbed by human 
activity and exist in intact subalpine forests and woodlands.

Climate Change Responses
Great Basin bristlecone pine and Rocky Mountain 

bristlecone pine are tolerant of cold temperatures and deep 
snowpack in winter, low soil moisture in summer, and high 
winds. Therefore, they are expected to be moderately vulner-
able to climate change, with considerable variation among 
sites. A recent study showed that Great Basin bristlecone has 
a threshold at 60 to 250 vertical feet below treeline, above 
which trees have a positive growth response to temperature 
(Salzer et al. 2014). Growth chronologies from 250 feet 
or more below treeline had a change in climate response 
and did not correlate strongly with temperature-sensitive 
chronologies developed from trees growing at upper treeline. 
At the highest sites, trees on south-facing slopes grew faster 
than trees on north-facing slopes. High growth rates on the 
south aspect have declined since the mid–1990s, suggesting 
that temperature may no longer be as limiting to growth. 
Therefore, increasing warmth may lead to a divergence 
between growth and temperature at previously temperature-
limited sites. Neither species of bristlecone pine is expected to 
change in distribution and abundance significantly during the 
21st century. Increased wildfire could affect Rocky Mountain 
bristlecone pine in mixed-species stands with high surface 
fuels, but not in higher-elevation locations where trees are 
scattered and fuels are low.

Jeffrey Pine (Pinus jeffreyi)

(Great Basin and Semi Desert subregion)

Autecology
Jeffrey pine is shade intolerant and drought adapted, oc-

cupying low- to mid-elevation, dry forests (Minore 1979). It 
is both an early- and late-seral species, often associated with 
other conifer species on moist sites. Moisture typically limits 
growth, especially in summer, and distribution of Jeffrey pine 
on drier sites is limited by available soil moisture, which, in 
turn, is affected by soil texture and depth. Jeffrey pine toler-
ates dry soil conditions by efficiently closing stomata to avoid 
water loss and xylem cavitation (Sala et al. 2005), tolerating 
intense drought, and drawing groundwater at low soil water 
potentials. Jeffrey pine is associated with several species 
of ectomycorrhizae, giving it the capacity to survive in dry 
environments. Soil texture, plant competition, and seedbed 
conditions reduce seed germination and limit seedling surviv-
al and growth, although it can often germinate under moisture 
stress (Oliver and Ryker 1990).

Disturbance Interactions
Disturbance plays a major role in Jeffrey pine forests. The 

most damaging of the tree-killing insects are several species 
of Dendroctonus (Oliver and Ryker 1990), followed by ips 
beetles, all of which are native and present naturally in many 
stands. Dwarf mistletoe is widespread in Jeffrey pine stands 
but rarely fatal. Bark beetles can cause extensive mortality 
given availability of preferred host stand conditions. Jeffrey 
pine has a high capacity to survive fire (Minore 1979; Ryan 
and Reinhardt 1988), and wildfire favors the growth of large 
(thicker bark) Jeffrey pine by killing its primary competitors 
and small-diameter Jeffrey pines (Arno 1988; Steele et al. 
1986).

Historical and Current Conditions
Fire exclusion, mining, timber harvest, and livestock 

grazing have contributed to reductions in distribution and 
abundance of Jeffrey pine. Changes in fire regime have al-
tered the composition and structure of many dry forests, with 
area burned by surface fires decreasing and crown fires in-
creasing in many areas (Hann et al. 1997). Landscapes where 
fire has been excluded for many decades typically have high 
stand densities and surface fuel loadings, setting the stage for 
future crown fires.

Climate Change Responses
Jeffrey pine is expected to be relatively tolerant of increas-

ing temperatures and longer droughts. This species has high 
phenotypic plasticity and is therefore adapted to drought, 
although regeneration may decrease if precipitation decreases 
or becomes more variable. Some studies project an increase 
in distribution for ponderosa pine in western North America 
(Hansen et al. 2001; Morales et al. 2015; Nitschke and Innes 
2008) that may be true for Jeffrey pine as well. Advancing 
competition resulting from fire exclusion, increased wildfire 
extent and intensity, and potential increases in mountain 
pine beetle, western pine beetle (Dendroctonus brevicomis), 
several Ips species, and western pine shoot borer (Eucosma 
sonomana) will dictate the future of Jeffrey pine. If fires are 
too frequent, established regeneration will not grow above the 
lethal scorch height. Increasing wildfire extent and severity 
(crown fires) could also eliminate the mature Jeffrey pine 
trees that provide seed sources for populating future burns.

Limber Pine (Pinus flexilis)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Limber pine is a shade-intolerant, early-seral species 

(Steele 1990) that is slow growing but long lived. It oc-
cupies xeric sites across a wide range of elevations (Jackson 
et al. 2010). Because it is easily killed by fire, the species 
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is found in fire-protected sites (e.g., rocky outcrops) with 
infrequent fires of low severity (Steele 1990). It can be 
associated with a wide range of other conifer species and 
quaking aspen (Langor 2007; Steele 1990). It is associated 
with both ectomycorrhizae and arbuscular mycorrhizae that 
facilitate its ability to exist in extremely dry environments. 
Limber pine seedlings are poor competitors with grass, but 
grow reasonably well on rocky substrates and with shrubs. 
Limber pine has difficulty competing with encroaching 
species on productive mesic sites and is often succeeded 
by Douglas-fir and subalpine fir. Its seeds are dispersed by 
rodents and by Clark’s nutcracker (Nucifraga columbiana), 
which relies on pine seeds as a food source and caches them 
throughout the subalpine zone (Lanner 1980; Lanner and 
Vander Wall 1980).

Disturbance Interactions
Thin bark and low crowns make limber pine susceptible 

to damage from wildfire. It is also susceptible to white pine 
blister rust, and some stands in newly infected areas are 
currently undergoing high mortality (Smith et al. 2013). 
Limber pine also facilitates the expansion of currant (Ribes 
spp.) into traditional grasslands (Baumeister and Callaway 
2006), thus increasing rust infections and subsequent mor-
tality. Mountain pine beetle (Jackson et al. 2010) and severe 
dwarf mistletoe infections can cause mortality. Porcupine 
(Erethizon dorsatum) damage is prevalent in some areas.

Historical and Current Conditions
Fire exclusion has allowed limber pine to expand its 

range from fire-protected sites into areas where frequent 
fires historically restricted it (Arno and Gruell 1983; Brown 
and Schoettle 2008). Expansion into some grass and shrub 
rangelands has facilitated expansion of other species as 
well (e.g., Douglas-fir) (Baumeister and Callaway 2006; 
Jackson et al. 2010). Some of the newly established limber 
pine forests have suffered recent mortality from white pine 
blister rust, mountain pine beetle, and red belt (Fomitopsis 
pinicola) (Jackson et al. 2010; Langor 2007; Taylor and 
Sturdevant 1998). Increasing wildfire extent has also af-
fected some stands.

Climate Change Responses
Limber pine has a generalist adaptive strategy with broad 

phenotypic plasticity (Devine et al. 2012; Feldman et al. 
1999), so it is expected to be moderately vulnerable to cli-
mate change. The ability of limber pine to occupy shallow, 
infertile soils and tolerate periods of drought will confer 
resistance to warmer temperatures and drought. Reduced 
snowpack could increase growth of limber pine at higher 
elevations by lengthening the growing season (Aston 2010). 
However, warmer temperatures could also reduce soil 
moisture for seed germination and seedling growth, and lack 
of ectomycorrhizal associations could inhibit establishment 
in some locations (Coop and Schoettle 2009). Increasing 
wildfire extent and intensity may impact some limber pine 

stands in the future, causing higher mortality and reducing 
encroachment into grasslands.

Lodgepole Pine (Pinus contorta var. 
latifolia, P.c. var. murrayana)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Great Basin and Semi Desert 
subregions)

Autecology
Lodgepole pine has broad ecological amplitude and envi-

ronmental tolerance, including both the murrayana variety 
in the western portion of the IAP region and the latifolia 
variety elsewhere in the region (Lotan and Critchfield 1990). 
It grows well on gentle slopes and in basins but is also 
found on steep slopes and shallow soils. It is shade intoler-
ant but highly tolerant of frost and drought. Lodgepole pine 
grows in pure stands and in association with many other 
conifer species, including subalpine fir, Engelmann spruce, 
Douglas-fir, and western larch (Steele et al. 1983). It can be 
either early or late seral, depending on location. Its ability 
to remain on xeric landscapes is enhanced by its association 
with many types of mycorrhizae. Lodgepole pine is gener-
ally a prolific seed producer, and the prevalence of cone 
serotiny in most individuals of the latifolia variety promotes 
rapid regeneration following wildfire (Hardy et al. 2000).

Disturbance Interactions
Fire plays a critical role in lodgepole pine forest succes-

sion (Brown 1973; Lotan et al. 1984). Mature lodgepole 
pine appears to be able to survive low-intensity fire, despite 
having thin bark (Ryan and Reinhardt 1988). In many cases, 
natural regeneration is prolific via abundant seed from 
serotinous cones (Lotan and Perry 1983; Nyland 1998), al-
though drought is a common cause of mortality in first-year 
seedlings. Mountain pine beetle has played a significant role 
in the dynamics of lodgepole pine ecosystems. Beetles and 
wildfire create an important stress complex for lodgepole 
pine in some locations (Brown 1973; Geiszler et al. 1980), 
but can also act independently (Axelson et al. 2009; Moran 
and Corcoran 2012).

Historical and Current Conditions
Advancing succession associated with fire exclusion is 

contributing to replacement of lodgepole pine by subalpine 
fir in some areas of the IAP region. Concurrent increases 
in recently burned areas are creating new lodgepole stands, 
some of which may become very dense. Increased drought 
in these dense stands may exacerbate stress from other 
factors, including competition and insects. Warming 
temperatures have contributed to unprecedented mountain 
pine beetle outbreaks in lodgepole pine in western North 
America, including in the IAP region, causing 100 percent 
mortality in many mature lodgepole pine stands (Carroll et 
al. 2003; Jenkins et al. 2008; Page and Jenkins 2007).
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Climate Change Responses
Longer drought periods and warmer temperatures in drier 

lodgepole pine forests may cause decreased growth and 
regeneration, perhaps resulting in a transition to more xeric 
tree species. Chhin et al. (2008) and Nigh (2014) projected 
that growth will decrease in moderate future warming, but 
the species probably has sufficient genetic capacity to com-
pensate for this loss. Given that lodgepole pine is a generalist 
and capable of regenerating and growing in a wide range 
of environments, it is likely that any reduction in lodgepole 
pine dominance in dry sites would occur only under extreme 
warming scenarios over many decades to centuries.

In high-elevation subalpine systems where seasonal 
drought is not a problem, a warmer climate may increase 
productivity (Aston 2010; Johnstone and Chapin 2003). 
Wang et al. (2006) found major increases in lodgepole pine 
productivity under future climates with moderate warming, 
but decreased productivity and perhaps local extinctions 
were associated with extreme warming. Romme and Turner 
(1991) projected increases in the lodgepole pine zone in 
the Greater Yellowstone Area under moderate warming. 
Lodgepole pine could migrate into upper subalpine areas 
where it is currently excluded by cold, windy conditions 
(Hamann and Wang 2006; Romme and Turner 1991). The 
latifolia variety is well adapted to increased fire occur-
rence, depending on level of serotiny (Turner et al. 1999), 
although if fire is too frequent, it could be eliminated from 
sites where fire returns before established seedlings and 
saplings become reproductively mature (Larson et al. 2013). 
Projected increases in climatic conditions that facilitate 
mountain pine beetle outbreaks (higher reproductive rates) 
(Bentz et al. 2010) could reduce the abundance of lodgepole 
pine in some landscapes (Creeden et al. 2014; Gillette et al. 
2014) (Chapter 8), especially where fire has been excluded 
(Temperli et al. 2013).

Ponderosa Pine (Pinus ponderosa var. 
ponderosa, P.p. var. scopulorum)

(Middle Rockies, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Ponderosa pine is shade intolerant and drought adapted, 

occupying low-elevation, dry forests (Minore 1979), and 
is both an early- and late-seral species, often associated 
with Douglas-fir and grand fir on moister sites. In the IAP 
region, Pacific ponderosa pine (var. ponderosa) extends 
from the central mountains of Idaho to the east side of the 
Sierra Nevada in Nevada. The Rocky Mountain variety (var. 
scopulorum) extends from the eastern mountains of Nevada 
to the central and northern mountains of Utah. (Note that 
Washoe pine [P. p. subsp. washoensis], which is found in 
a few locations in the Great Basin and northeastern slope 
of the Sierra Nevada, is no longer considered a discrete 

subspecies and is not included in the assessment.) For both 
the Pacific and Rocky Mountain varieties, moisture typi-
cally limits growth, especially in summer, and distribution 
of ponderosa pine on drier sites is limited by available soil 
moisture, which, in turn, is affected by soil texture and 
depth. Ponderosa pine seedlings are susceptible to frost 
damage, which can exclude this species from low valleys 
(Shearer and Schimidt 1970). Ponderosa pine tolerates 
dry soil conditions by efficiently closing stomata to avoid 
water loss and xylem cavitation (Sala et al. 2005), tolerating 
intense drought, and drawing groundwater at low soil water 
potentials.

Cone crop periodicity in ponderosa pine varies greatly, 
but it is a poor seed producer in some areas. Natural 
regeneration is sporadic and is best when a heavy seed 
crop is followed by favorable weather in the next growing 
season (Heidmann 1983; Shearer and Schmidt 1970). The 
Rocky Mountain variety is highly inbred, and its vulner-
ability could be further compromised with limited gene 
flow between populations (Potter et al. 2015). Soil texture, 
plant competition, and seedbed conditions reduce seed ger-
mination and limit seedling survival and growth, although 
ponderosa pine can often germinate under moisture stress 
(Oliver and Ryker 1990). Young seedlings are susceptible to 
cold night temperatures and deep frosts, and trees occasion-
ally suffer winter desiccation in drying winds.

Disturbance Interactions
Disturbance plays a major role in sustaining ponderosa 

pine forests. Over 100 species of insects attack the Pacific 
variety, and over 50 species attack the Rocky Mountain 
variety. The most damaging of the tree-killing insects are 
several species of Dendroctonus (Oliver and Ryker 1990), 
followed by ips beetles, both of which are present naturally 
in all stands. Dwarf mistletoe is widespread but rarely fatal. 
In the absence of fire or another disturbance that reduces 
stem density, bark beetles can cause extensive tree mortality. 
Ponderosa pine has a high capacity to survive fire, better 
than all of its competitors except western larch (Minore 
1979; Ryan and Reinhardt 1988). Thus, wildfire favors 
the growth of large-diameter ponderosa pine by killing its 
primary competitors and small-diameter ponderosa pines 
(Arno 1988; Steele et al. 1986).

Historical and Current Conditions
Wildfire historically promoted ponderosa pine domi-

nance across most low-elevation savannas because of its 
high resistance to fire, including high-intensity fire. Fire 
exclusion, mining, timber harvest, and livestock grazing 
caused major reductions in ponderosa pine forests (Jain and 
Graham 2005). Changes in fire regime altered the composi-
tion and structure of the remaining dry forests (Hann et al. 
1997), with area burned by surface fires decreasing (Page 
and Jenkins 2007), mean fire return interval increasing, and 
crown fires increasing (Hann et al. 1997). Mid-seral struc-
tures have increased, often containing dense stands of small 
ponderosa pine, Douglas-fir, and grand fir. The proportion of 
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dry forests occupied by late-seral, single-storied ponderosa 
pine has declined significantly, and Douglas-fir or grand fir 
is often common in the understory.

Climate Change Responses
Ponderosa pine is expected to be relatively tolerant of 

increasing temperatures and longer droughts. The Rocky 
Mountain variety has relatively high phenotypic plastic-
ity and is therefore better adapted to drought, although 
regeneration may decrease if precipitation decreases or 
becomes more variable. Morales et al. (2015) projected an 
11 percent increase in the range of ponderosa pine in the 
western United States, and Nitschke and Innes (2008) used 
gap modeling to project replacement of dry Douglas-fir with 
ponderosa pine in British Columbia. Hansen et al. (2001) 
projected that the range of ponderosa pine will expand in 
the western United States, whereas most other tree species 
ranges will decrease. Although species distribution models 
suggest that the range of ponderosa pine may decrease (Bell 
et al. 2014; Franklin et al. 1991; Gray and Hamann 2013) 
and rise in elevation (Crimmins et al. 2011) in a warmer cli-
mate, these projections are questionable because they do not 
consider on-the-ground growth processes and competition.

Advancing competition resulting from fire exclusion, 
increased wildfire extent and severity, and the potential for 
increased susceptibility to insects in warmer, drier condi-
tions will dictate the future of ponderosa pine in the IAP 
region (Hann et al. 1997; Miller and Keen 1960; Negrón and 
Fettig 2014). If fires are too frequent, regenerating trees will 
not grow above the lethal scorch height and will not reach 
maturity. Increasing wildfire severity could also eliminate 
mature ponderosa pine trees that provide seed sources for 
populating future burns.

Singleleaf Pinyon (Pinus monophylla)

(Great Basin and Semi Desert subregion)

Autecology
Singleleaf pinyon is adapted to a wide variety of sites. It 

usually grows on pediments; dry, rocky slopes; ridges; and 
alluvial fans between 4,500 and 7,500 feet elevation (Lanner 
1999; Stephenson and Calcarone 1999). It is frost resistant, 
drought tolerant, and shade intolerant (Lanner 1983), typi-
cally growing on shallow, well-drained, low-fertility soils, 
although it has been found on more productive soils as well 
(Evans 1988; Gottfried and Severson 1993; Gottfried et 
al. 1995). Pinyon pine typically grows in association with 
juniper species, where juniper dominates lower elevations of 
their range and pinyon the upper. Pinyon-juniper woodlands 
typically progress toward increased tree density and canopy 
cover over time (Everett 1985; Meeuwig et al. 1990; Short 
and McCulloch 1977; West et al. 1975), often expanding 
into adjacent grass and shrublands (Burwell 1998; West et 
al. 1975). Understory species make up a small portion of 
the total biomass in denser stands, although they may be 

important forage species and typically persist following 
disturbance (Everett and Koniak 1981).

Disturbance Interactions
In the Great Basin, there is evidence of both frequent, 

low-intensity fires carried by once-abundant perennial 
grasses, and less frequent, local stand-replacement fires dur-
ing extreme conditions. Fires burned in irregular patterns, 
producing a mosaic of burned and unburned landscape. On 
high-productivity sites where sufficient fine fuels existed, 
fires burned every 15 to 20 years, and on less productive 
sites with patchy fuels, fire intervals were 50 to 100 years 
or longer. Fire frequency in singleleaf pinyon communities 
varies with fuel loads and ignition source, which, in turn, 
vary with habitat type, aspect, topography, stand history, 
and climatic conditions (Gruell 1999; Paysen et al. 2000). 
Cheatgrass has become increasingly common in the un-
derstory over the past few decades, continually providing 
abundant fine surface fuels and increasing the potential for 
more frequent wildfires (Shinneman and Baker 2009).

Pinyon dwarf mistletoe (Arceuthobium divaricatum) can 
cause extensive damage (Hawksworth and Wiens 1972), 
leaving trees susceptible to insect attack. Pinyon blister 
rust (Cronartium occidentale) occurs extensively on Ribes 
species in most western States but infects singleleaf pinyon 
only sporadically (Stillinger 1944), occasionally girdling 
small trees. Black stain root disease (Ophiostoma wageneri) 
occasionally kills singleleaf pinyon (Smith 1967b; Wagener 
and Mielke 1961). The disease spreads by root contact, and 
infection is confined to xylem in the roots and lower trunk. 
Pinyon ips (Ips confusus) is commonly found in pinyon 
woodlands, with outbreaks occurring when trees are stressed 
(Chapter 8).

Historical and Current Conditions
Singleleaf pinyon was a source of fuel (charcoal) for the 

mining industry between the 1860s and 1920s (Young and 
Budy 1979), and it has been used extensively for firewood 
and other uses, with local deforestation in some locations. In 
some lower-elevation locations, pinyon has been removed 
from the landscape to encourage the growth of grasses and 
forage for livestock grazing. Persistent woodlands of pinyon 
pine or juniper species, or a mixture of both, are found 
where local soils and climate are favorable, and wildfire has 
been infrequent (Romme et al. 2009). Pinyon-juniper savan-
nas are found where local soils and climate are suitable for 
both trees and grasses, and low-intensity fires have been 
relatively frequent. Large increases in junipers have oc-
curred in portions of pinyon-juniper woodlands (Romme et 
al. 2009). Damage to cryptobiotic crusts has caused erosion 
in some pinyon-juniper woodlands.

Climate Change Responses
Singleleaf pinyon is drought tolerant, and reduced soil 

moisture is not expected to have a significant effect on its 
abundance and distribution, although its growth may de-
crease over time. It is not as drought tolerant as the juniper 
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species with which it is associated, and may decrease in 
abundance where the species compete. However, it may be 
able to outcompete ponderosa pine at higher elevations.

The future of singleleaf pinyon will largely depend on 
spatial and temporal patterns of wildfire, which is expected 
to increase in frequency (Floyd et al. 2004). Pinyon is only 
moderately fire tolerant and is easily engaged in crown fires 
because of low crowns and high concentrations of volatile 
chemicals. After an initial fire, accumulation of surface fuels 
and tree regeneration is likely to be slow (unless Gambel oak 
[Pinus gambelii] is present) because of moisture limitations, 
resulting in a sparse canopy and disconnected fuels (Rocca 
et al. 2014). If fire frequency is high in areas where pinyon 
is codominant with ponderosa pine, the latter species will 
become more common and pinyon will become less com-
mon. The long-term condition of juniper is complicated by 
nonnative annual grasses, which increase surface fuels and 
fire frequency. Insects, especially pinyon ips, will also be an 
important stressor, especially during extended droughts.

Twoneedle Pinyon (Pinus edulis)

(Plateaus subregion)

Autecology
Pinyon-juniper woodlands are found between the low 

plains covered by grassland, desert shrub, or chaparral 
vegetation and the high mountains just below the zone dom-
inated by either submontane shrubs or ponderosa pine. They 
grow best on higher, wetter sites of the woodland zone, just 
below ponderosa pine (Fowells 1965; Jameson et al. 1962). 
Twoneedle pinyon grows in semiarid to arid climates, often 
associated with oneseed juniper (Juniperus monosperma) 
and Utah juniper. Pinyon is drought tolerant and shade in-
tolerant, and seedlings require extra moisture or shade until 
their elongating taproots reach deeper substrates (Mitchell 
1984). The extensive root system of established pinyons and 
relatively rapid rate of root elongation, especially of young 
seedlings, enhance the ability of pinyon to survive in dry 
environments.

Disturbance Interactions
Small pinyon pines are sensitive to fire and may be killed 

by low-intensity fire (Floyd et al. 2000; McCulloch 1969), 
whereas larger trees tend to be somewhat resistant to surface 
fire because foliage is high enough above the ground to 
avoid crown scorch or other damage (Dwyer and Pieper 
1967; Wittie and McDaniel 1990). Cheatgrass has become 
increasingly common in the understory over the past few 
decades, continually providing abundant fine surface fuels 
and increasing the potential for more frequent wildfires 
(Shinneman and Baker 2009). Foliage diseases include 
needle casts (Elytroderma deformans, Bifusella saccata) and 
needle rusts (Coleosporium jonesii, C. crowellii) (Fowells 
1965; Hepting 1971). Pinyon blister rust and pinyon dwarf 
mistletoe damage stems; the latter species is considered the 
major pathogen of pinyon.

Historical and Current Conditions
Pinyon-juniper woodland expansion since the time of 

settlement has been attributed to several factors, including 
a warming climate, fire exclusion, increased populations of 
seed-dispersing birds and mammals, and reduced competi-
tion from grasses resulting from overgrazing by livestock 
(Everett 1987; Jameson 1970). In the absence of wildfire, 
fuels have accumulated in some stands, especially in 
more mesic sites, increasing the possibility of crown fire. 
Hazardous fuels reduction, including prescribed burning, 
has been used in some locations.

Climate Change Responses
Twoneedle pinyon is drought tolerant, and reduced soil 

moisture is not expected to have a significant effect on 
its abundance and distribution, although its growth may 
decrease over time. It is not as drought tolerant as juniper, 
and may decrease in abundance where the species co-occur. 
However, it may outcompete ponderosa pine at higher 
elevations. Since 2000, twoneedle pinyon at low-elevation 
sites in northern New Mexico has suffered significant 
mortality associated with extended drought and pinyon Ips 
(Breshears et al. 2009) (Chapter 8), and although similar 
mortality has not been widespread in Utah, it may be pos-
sible during long droughts. If pinyon mortality increases in 
the future, juniper would probably become more dominant.

The future of twoneedle pinyon will largely depend on 
spatial and temporal patterns of wildfire, which is expected 
to increase in frequency (Floyd et al. 2004). Pinyon pine 
is only moderately fire tolerant, and it is easily engaged in 
crown fires because of low crowns and high concentrations 
of volatile chemicals. After an initial fire, accumulation of 
surface fuels and tree regeneration will probably be slow 
(unless Gambel oak is present) because of moisture limita-
tions, resulting in a sparse canopy and disconnected fuels 
(Rocca et al. 2014). If fire frequency is high in areas where 
pinyon pine is codominant with ponderosa pine, the latter 
species will become more common and pinyon pine will 
become less common. The long-term condition of juniper 
is complicated by nonnative annual grasses, which in-
crease surface fuels and fire frequency. Insects, especially 
pinyon Ips, will also be an important stressor, especially 
during extended droughts.

Western White Pine (Pinus monticola)

(Great Basin and Semi Desert subregion)

Autecology
Western white pine occupies the extreme western Great 

Basin portion of the IAP region and is typically associated 
with other conifer species. It is limited by moisture at 
lower elevations and by temperature at higher elevations. 
Western white pine grows on a variety of sites, but is more 
common along moist creek bottoms, lower benches, and 
northerly slopes. Seedling establishment is favored by 

Chapter 6: Effects of Climate Change on Forest Vegetation



138 USDA Forest Service RMRS-GTR-375.  2018

partial shade in severe sites (Graham 1990) but minimal 
shade on northern slopes. Once established, it grows best 
in full sun. Seedlings have low drought tolerance, and 
first-year seedlings are subject to mortality from high 
surface temperatures on exposed sites. White pine attains 
dominance only after wildfire or in silvicultural systems 
that favor it. A generalist species with broad climate and 
environmental tolerances (Devine et al. 2012), western 
white pine adapts to different conditions through pheno-
typic plasticity and selective genetic differences.

Disturbance Interactions
Historically, white pine forests originated from wildfires, 

especially stand-replacing burns, but they were also main-
tained by frequent low-intensity fires (Barrett et al. 1991). 
When mature, white pine has thick bark and a high crown, 
which make it tolerant of fire. White pine blister rust has 
greatly decreased survival and vigor of white pine (Fins 
et al. 2002; Harvey et al. 2008), virtually eliminating this 
species in some locations. Armillaria root rot causes foliar 
chlorisis and root mortality, as well as reduced growth. 
Annosus root disease and laminated root rot also cause 
reduced vigor and some mortality. Bark beetles attack 
western white pine, killing groups of trees in mature forests, 
especially those weakened by blister rust (Chapter 8).

Historical and Current Conditions
Western white pine stands were previously more domi-

nant in western North America (Harvey et al. 2008). It is 
much less abundant in mixed conifer forests as a result of 
logging, fire exclusion, and blister rust (Fins et al. 2002). 
This decline will probably continue to reduce abundance, 
and in some cases, cause local extirpation in the absence of 
assertive restoration.

Climate Change Responses
Western white pine may be well adapted to a warmer 

climate in some portions of its range (Loehman et al. 2011). 
It can disperse seeds into burned areas, which are likely to 
increase in the future, and a warmer climate may increase its 
productivity in some locations. However, the prevalence of 
white pine blister rust will make it difficult for white pine to 
persist in most forests (Fins et al. 2002; Harvey et al. 2008), 
and it is expected to continue to decline throughout much of 
its range.

Whitebark Pine (Pinus albicaulis)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch Front 
subregions)

Autecology
Whitebark pine is an important component of up-

per subalpine forests in the IAP region (Arno and Hoff 
1990). It supports unique components of floral and faunal 

diversity and promotes community development and sta-
bility (Tomback and Achuff 2010; Tomback et al. 2001). 
It is a long-lived tree, tolerates moderate shade (Minore 
1979), grows slowly, and tolerates long periods of drought 
(Callaway et al. 1998). In the absence of wildfire, whitebark 
pine is replaced by subalpine fir and Engelmann spruce 
in some locations (Arno and Hoff 1990). Whitebark pine 
has a mutualistic relationship with Clark’s nutcracker, 
which caches and disperses seeds (Tomback 1982, 1983). 
Whitebark pine is genetically diverse (Keane et al. 2012), 
allowing it to exist across many environments.

Disturbance Interactions
Whitebark pine fire regimes are complex and variable 

in space and time (Morgan et al. 1994b). Most fires in the 
upper subalpine zone burn in mixed-severity patterns that 
facilitate long-term survival of the species (Keane et al. 
1994). Mountain pine beetle can damage mature stands, 
often causing high mortality. White pine blister rust is also 
damaging, preventing tree development and often causing 
mortality. Whitebark pine has some resistance to white pine 
blister rust, and although efforts at developing rust-resistant 
seed for regenerating burned and treated areas hold promise, 
restoration will need to occur at large spatial scales to be 
effective.

Historical and Current Conditions
Whitebark pine, a candidate species for listing under 

the U.S. Endangered Species Act (USFWS 2011), has been 
declining since the early 20th century from the combined 
effects of mountain pine beetle-caused mortality, fire exclu-
sion, and spread of white pine blister rust (Schwandt 2006; 
Tomback and Achuff 2010) (fig. 6.4). Within the last decade, 
outbreaks of mountain pine beetle and increasing damage 
and mortality from blister rust have resulted in cumulative 
whitebark pine losses that have altered high-elevation com-
munity composition and ecosystem processes throughout 
much of western North America.

Climate Change Responses
Although whitebark pine was able to persevere through 

climatic variability in the past, it will be highly exposed to 
future climate change because of its confined distribution 
to upper subalpine environments. It is expected to continue 
to decline in abundance and vigor in a warmer climate, not 
because it is poorly adapted to an altered climate, but be-
cause it is experiencing so much stress from blister rust and 
mountain pine beetle that regeneration capability is greatly 
reduced (Bartlein et al. 1997; Bentz et al. 2016; Devine et 
al. 2012). In some cases, whitebark pine populations are so 
low that Clark’s nutcracker is acting more as a seed predator 
than a seed disperser (Keane and Parsons 2010; Leirfallom 
et al. 2015). A warmer climate is expected to exacerbate this 
decline in most locations.
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Figure 6.4—Whitebark pine. This species, which has been 
subjected to mortality from white pine blister rust for 
decades, may be more susceptible to mountain pine 
beetles in a warmer climate (photo: J. Beck, National Park 
Service).

Blue Spruce (Picea pungens)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
The shallow roots of blue spruce restrict it to moist 

sites where water is close to the surface (Lanner 1983). 
Blue spruce occurs at middle elevations on montane 
streambanks, well-drained floodplains, first-level ter-
races, ravines, intermittent streams, and gentle slopes 
(Fechner 1985; Hess and Alexander 1986; Lanner 1983). 
Spruce grows in cool climates that are sub-humid to 
humid and characterized by low summer temperatures 
and low winter precipitation. It is a pioneer species in 
riparian communities that are subject to periodic dis-
turbances, such as scouring and flooding (Baker 1990; 
Fechner 1990; Szaro 1990). It is a shade-tolerant, mid- 
to late-seral species in montane and subalpine zones 
(Baker 1988; Schmidt and Larson 1989).

Disturbance Interactions
Blue spruce is easily killed by fire (Jones 1974; 

Wright and Bailey 1982). Insects and disease reduce 
growth, viability, and vigor of spruce (Fechner 1985; 
Walters 1978) (Chapter 8). Heart and root rots, cone 

rusts, nematodes, snow molds, canker, and tip blight can 
reduce the vigor of spruce (Fechner 1990; Nelson and 
Krebill 1982) and can cause mortality in older, low-vigor 
trees.

Historical and Current Conditions
Because blue spruce is located at high elevation and 

has no commercial value for timber, it has been rela-
tively free of human influence, except in stands where it 
may have been associated with harvest of other species, 
such as Engelmann spruce. Western spruce budworm has 
killed patches of spruce and often other species in some 
locations, but this appears to be a normal occurrence in 
older, low-vigor stands.

Climate Change Responses
Climate change may reduce the functionality of 

riparian and wet meadow locations where blue spruce 
is commonly found. Therefore, its distribution and 
abundance could decrease locally if growth and vigor de-
cline over time. Wildfire is currently uncommon in blue 
spruce communities, but if it becomes more frequent in a 
warmer climate, blue spruce will decrease in abundance 
because of fire. If fire frequency is high enough, spruce 
may not achieve dominance in the overstory.

Engelmann Spruce (Picea engelmannii)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and 
Semi Desert subregions)

Autecology
Engelmann spruce is widely distributed and is a major 

component of high-elevation forests in the IAP region 
(Alexander and Shepperd 1990) It occupies very cold 
environments in some locations. It is shade tolerant, 
although not as much as its common associate subalpine 
fir. This species is not drought tolerant, especially as a 
seedling (Alexander and Shepperd 1990), but tolerates 
frost and seasonal standing water. Pure Engelmann 
spruce is found in wet areas, but the species is usually 
mixed with other conifer species in upland locations. 
Seeds germinate in a variety of substrates, including 
litter and decomposed humus. Following establishment, 
survival is favored by adequate soil moisture, cool tem-
peratures, and some shade.

Disturbance Interactions
Engelmann spruce is highly susceptible to fire injury 

and death, but some large spruce can survive severe 
burns (Bigler et al. 2005; Wadleigh and Jenkins 1996). It 
survives fire better than its primary associate, subalpine fir 
(Ryan and Reinhardt 1988). Surviving spruce can provide 
abundant seed in burned areas, although the subsequent 
forest may or may not be dominated by both spruce and 
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other species (e.g., subalpine fir) (Pfister et al. 1977). 
Engelmann spruce is susceptible to windthrow, especially 
after timber harvest and thinning. Several insect species 
are associated with Engelmann spruce (Chapter 8).

Historical and Current Conditions
Recent trends in Engelmann spruce forests across the 

IAP region are unclear. Advancing succession during many 
decades of fire exclusion has probably increased spruce 
abundance in subalpine and upper subalpine landscapes. 
But logging and fire have reduced spruce at lower eleva-
tions, where it occurs in seasonally wet areas and frost 
pockets. Several locations throughout the IAP region 
with mature Engelmann spruce have sustained extensive 
mortality from spruce beetle (Dendroctonus rufipennis) 
outbreaks.

Climate Change Responses
Some losses of Engelmann spruce are likely in drier 

portions of its range, especially in seasonally moist sites 
that will be drier in the future. Some mortality may have 
already occurred from recent drought (Liang et al. 2015). 
Higher temperatures can increase growth in some loca-
tions (Luckman et al. 1984) and reduce growth in other 
locations (Alberto et al. 2013). If wildfire frequency 
increases, it will probably reduce the extent of mature 
spruce, although it readily establishes following wildfire. 
Spruce beetle can cause greater stress in a warmer climate, 
especially in mature stands (Bentz et al. 2010). Although 
Engelmann spruce is sensitive to climate, it will probably 
persist in high-elevation landscapes, because of its genetic 
capacity to adapt to climatic variability by taking advan-
tage of suitable microsites (Jump and Peñuelas 2005).

Quaking Aspen (Populus tremuloides)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Quaking aspen is abundant in the IAP region, with its 

distribution limited by water availability and growing-
season temperature. Aspen stems are relatively short lived 
and maintained by disturbance (Mueggler 1985; Rogers 
2002), although belowground genets of aspen clones can 
survive for millennia. It is shade intolerant and sprouts 
aggressively following disturbance (usually fire), which 
kills most of the live stems, thus stimulating vegetative 
propagation (suckering) (Bartos 1978) and facilitating 
rapid reoccupation of the site. This species has substantial 
phenotypic variation, as evidenced by varied foliar mor-
phology, stem morphology, and phenology among different 
clones.

Disturbance Interactions
Browsing of post-disturbance suckers by ungulates—

including elk (Cervus elaphus), moose (Alces alces), 
and cattle—frequently damages seedlings and sprouted 
stems (Eisenberg et al. 2013; White et al. 1998), and in 
some cases mature trees, thus increasing susceptibility to 
insects and pathogens. Wildfire can kill aboveground stems 
(Bartos 1998) but also promotes new seedlings and sucker-
ing by eliminating conifers (Campbell and Bartos 2001; 
Shepperd et al. 2001). Following disturbance, aspen domi-
nates a site for 40 to 80 years; thinning from insects and 
disease and succession (shading) by conifers eventually 
reduce aspen abundance (Mueggler 1985; Rogers 2002). 
Hypoxylon canker (Hypoxylon mammatum) causes signifi-
cant damage in some locations (Perala 1990). Young trees 
can be killed by small rodents and mammals (Eisenberg et 
al. 2013).

Historical and Current Conditions
Since around 1970, aspen has been in a period of gen-

eral decline that may be at least partly attributed to wildfire 
exclusion, allowing plant succession to proceed toward 
conditions that ordinarily exclude aspen (Campbell and 
Bartos 2001; Frey et al. 2004). Recent episodes of aspen 
dieback (“sudden aspen decline”) have been superimposed 
on this general decline; the epidemiology begins with 
death of branch tips and progresses to death of mature 
trees and eventually death of entire clones (Frey et al. 
2004). Dieback is suspected to be caused by periods of 
drought (Worrall et al. 2013). The worst symptoms are 
generally found at lower elevations.

Climate Change Responses
Seral aspen communities will respond to a warmer 

climate differently than mature aspen communities (Rice et 
al. 2017). Aspen on warmer sites could suffer high mortal-
ity because of increasing water deficit (Hogg and Hurdle 
1995; Ireland et al. 2014). Extreme droughts (Frey et al. 
2004) and high temperatures (Perala 1983) are of special 
concern, especially at the margins of aspen distribution at 
low elevation, and may weaken trees enough that insects 
and pathogens can cause tree mortality (Rice et al. 2017). 
Increased wildfire frequency, particularly on moist sites, is 
likely to favor aspen regeneration in the future by remov-
ing conifers. If future wildfires are severe, however, they 
may kill shallow root systems and locally extirpate aspen. 
In some locations, declining stands may have little regen-
eration because of ungulate herbivory (Rogers et al. 2013).
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Fremont Cottonwood (Populus fremontii)

(Southern Greater Yellowstone, Uintas 
and Wasatch Front subregions)

Lanceleaf Cottonwood (Populus × 
acuminata)

(Great Basin and Semi Desert subregion)

Narrowleaf Cottonwood (Populus 
angustifolia)

(Southern Greater Yellowstone, Uintas 
and Wasatch Front, Plateaus, Great 
Basin and Semi Desert subregions)

Balsam Cottonwood (Populus 
balsamifera)

(Middle Rockies subregion)

Autecology
The four cottonwood species in the IAP region—Fremont 

cottonwood, lanceleaf cottonwood, narrowleaf cottonwood, 
and balsam cottonwood—grow primarily in seasonally wet 
to moist open-canopy sites, typically along streams and riv-
ers. Cottonwood often dominates riparian communities on 
alluvial sites from 4,000 to 6,000 feet elevation, with other 
hardwood species, shrubs, and grasses in the understory. 
Cottonwood is shade and drought intolerant, requiring ac-
cess to the water table during most of the growing season 
(Rood et al. 2003). High streamflows facilitate seedling 
establishment through scouring and deposition of alluvial 
sediments for germination of windborne seeds. High num-
bers of seedlings often become established after a flood, but 
thin over time. Seedlings and saplings are frequently injured 
and sometimes killed by early or late frosts (DeBell 1990).

Disturbance Interactions
Cottonwood is somewhat fire tolerant owing to its thick 

bark and high branches. It is a weak stump sprouter, but 
rarely regenerates from suckers (Brown 1996). Cottonwood 
can resprout and survive low-intensity fires in the short 
term (Gom and Rood 1999), but fire injuries can introduce 
diseases that weaken and sometimes kill trees (Borman and 
Larson 2002). Several insects attack cottonwood. Many 
fungal species cause decay in cottonwood, but only brown 
stringy heart rot (Spongipellis delectans) and yellow lami-
nated butt rot (Pholiota populnea) cause significant damage. 
Russian olive (Elaeagnus angustifolia) and saltcedar 
(Tamarix spp.) are aggressive nonnative trees that can out-
compete cottonwood in some locations, particularly during 
or after drought (Shafroth et al. 2002).

Historical and Current Conditions
Cottonwood species are well distributed within their 

respective habitats in the IAP region, although degradation 
of riparian areas by grazing and other land uses have dam-
aged some trees and the functional integrity of the riparian 
system. Russian olive and saltcedar have displaced cot-
tonwoods in many locations, thus altering local hydrological 
function, because the nonnative species take up more water 
than native species. Biological control releases of the nonna-
tive northern tamarisk beetle (Diorhabda carinulata) in the 
Southwest, starting in the 1990s, have caused rapid mortal-
ity and decline in vigor in many saltcedar populations (Sher 
and Quigley 2013; Tracy and Robbins 2009).

Climate Change Responses
As snowpack declines and melts earlier with warming 

temperatures, there will be reduced, attenuated river flows, 
along with a possible shift in timing of peakflows. These 
shifts may decrease germination and establishment of 
young cottonwoods, depending on the relative timing of 
floods and seed production (Whited et al. 2007). Altered 
hydrological flow, which can also be caused by withdrawal 
for human use, will affect both floodplain interaction and 
water available to cottonwoods, which, in turn, can affect 
recruitment and establishment of seedlings (Auble and Scott 
1998; Beschta and Ripple 2005). Upland conifers can po-
tentially establish in the riparian zone if the local water table 
has dropped, increasing competition with cottonwoods. 
Long-term transport of seeds provides cottonwood with 
an effective mechanism for regeneration across large land-
scapes, conferring some resilience to future climate.

Sitka Alder (Alnus viridis subsp. sinuata)

(Middle Rockies subregion)

Thinleaf Alder (Alnus incana subsp. 
tenuifolia)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

White Alder (Alnus rhombifolia)

(Middle Rockies subregion)

Autecology
Sitka alder and thinleaf alder are small, deciduous 

trees or shrubs found on a wide range of soils and wide 
range of elevations. Sitka alder is usually multistemmed 
and bushy, forming dense thickets. White alder is a de-
ciduous, medium to large tree found on a variety of soils 
typically near permanent streams at low to mid-eleva-
tions. All species are found on moist, cool sites, typically 
riparian areas or other locations where a reliable water 
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source is available; for example, Sitka alder is often 
located in avalanche tracks. These species are associated 
with other hardwood and shrub species, mixed with or in-
termittent with overstory conifer species. All species are 
moderately shade tolerant (Haeussler and Coates 1986). 
Seeds require a moist mineral soil for germination, which 
normally takes place in the spring. Thinleaf alder can also 
propagate by cloning (Hall 1973). All alder species fix 
nitrogen through their association with actinomycetes.

Disturbance Interactions
Many sites occupied by alder species are subject to pe-

riodic flooding. Although tops may be damaged or killed, 
all species can sprout from root crowns. Wind-dispersed 
seeds readily germinate on alluvial soils exposed by 
floods or covered by sediment, and on bare soil created 
by wildfire, avalanches, and soil slumps. Alders have thin 
bark, and stems are easily killed by fire. Although alder 
can be killed by severe fire (Barro et al. 1989), it can also 
sprout following top kill by fire (Fischer and Bradley 
1987). Although alder wood is resilient and somewhat 
limber, avalanches can damage Sitka alder and thinleaf 
alder, which often reproduce by sprouting (Oliver et al. 
1985).

Historical and Current Conditions
Alders have rarely been disturbed by human activ-

ity because they have no timber value. They have been 
subjected to some stress in riparian areas that have been 
disturbed by water withdrawals or livestock grazing.

Climate Change Responses
In general, higher temperatures are not expected to 

have significant direct effects on alder species because al-
ders are usually located in riparian areas that are buffered 
from temperature increases. However, smaller riparian 
areas may become drier in a warmer climate, especially 
if they rely on adjacent snowpack. Lower levels of soil 
moisture could reduce the vigor of alder and other spe-
cies. Increased frequency of wildfire may be a significant 
stressor for white alder because it may not sprout vigor-
ously after fire (Fryer 2014), possibly making associated 
species more competitive. Sitka alder and thinleaf alder 
can sprout after wildfire, so increased disturbance will 
probably not affect their distribution and abundance.

Velvet Ash (Fraxinus velutina)

(Uintas and Wasatch Front, Plateaus 
subregions)

Autecology
Velvet ash (also called desert ash or Arizona ash) is 

a deciduous tree with spreading branches and a rounded 
crown (if it has sufficient sunlight) that grows up to 30 
feet tall when mature. It is found in riparian areas in 
canyons and along streambanks in desert mountains of 

southern Utah and southern Nevada above 3,000 feet 
elevation. Velvet ash grows in a variety of substrates, 
including alkaline soils. The presence of this species in 
the desert generally indicates a permanent underground 
water supply. It is shade intolerant, regenerates through 
wind dispersal of winged seeds, and can sprout from the 
base when damaged.

Disturbance Interactions
Velvet ash is easily top-killed by fire, but stumps can 

sprout vigorously following fire and mechanical dam-
age and can attain prefire heights in 8 years (Winkel 
and Syzdek 2015). North American ash populations are 
at substantial risk from the introduction of emerald ash 
borer (Agrilus planipennis), which has now reached as 
far west as Colorado. Large-scale mortality of ash trees, 
as a result of borer infestations, would probably result in 
significant modifications in the composition and succes-
sional dynamics of many natural forests (MacFarlane and 
Meyer 2005) (Chapter 8).

Historical and Current Conditions
Little is known about the historical distribution or 

uses of velvet ash. It has no commercial value for timber 
but may have been used for firewood in some locations. 
Its populations are probably mostly intact, except where 
riparian areas have been modified.

Climate Change Responses
As soil moisture declines in a warmer climate, 

marginal riparian sites for velvet ash may become less 
favorable for regeneration and survival of young trees. 
With increases in fire frequency, there are likely to be 
increased vegetative regeneration and decreased produc-
tion of seedlings following fire; fire would probably kill 
seeds on or near the soil surface, restricting seedling 
recruitment to surviving seed-producing trees. Low-
intensity fires may promote regeneration by thinning 
stands and stimulating sprouting. Increased temperatures 
may promote ash seedling and mature tree growth by 
increasing soil temperatures. Browsing pressure on ash 
may increase with increased drought, as upland grasses 
and forbs desiccate and senesce earlier, or are replaced by 
less palatable species.

Water Birch (Betula occidentalis)

(Middle Rockies, Southern Greater 
Yellowstone, Uintas and Wasatch 
Front, Plateaus, Great Basin and Semi 
Desert subregions)

Autecology
Water birch is primarily a riparian species, occurring 

near waterways, wet swales, marshes, ravines, bogs, and 
moist woodlands (Arno and Hammerly 1977; Welsh et 
al. 1987). Water birch is common along streams in steep 
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areas of the IAP region, especially in coarse-textured, 
moist to wet soils (Sutton and Johnson 1974). Although 
common in semiarid climates (Arno and Hammerly 
1977), water birch is not particularly drought tolerant 
(Merigliano 1996) but is moderately shade tolerant and 
flood tolerant. In the Great Basin, riparian habitats with 
water birch are found in upland habitats ranging from 
mountain big sagebrush (Artemisia tridentata subsp. 
vaseyana) shrublands (Manning and Padgett 1989) to fir 
forests (Lanner 1983).

Disturbance Interactions
Water birch often forms clumps by sprouting from the 

base of the trunk (Harrington 1964). Sprouts can develop 
after top kill by flooding or other physical injury (Hansen 
et al. 1995; Skinner et al. 2006) or without aboveground 
damage (Lanner 1983). This species can regenerate 
quickly following damage and disturbance.

Historical and Current Conditions
Little is known about the historical distribution and 

use of water birch. It has little commercial value but is 
sometimes used for firewood and fence posts. Birch is 
used as browse by ungulates, including livestock, to some 
extent. Birch stems may have increased in some areas 
where American beaver (Castor canadensis) populations 
were reduced or extirpated.

Climate Change Responses
Water birch adapts well to a wide range of climate 

and water availability (Disalvo and Hart 2002). As soil 
moisture declines with a warmer, drier climate, marginal 
riparian sites for birch may become less favorable for 
regeneration and survival of young trees. With increased 
fire frequency, there are likely to be better vegetative 
regeneration and decreased production of seedlings fol-
lowing fire events. Fire would probably kill seeds on or 
near the soil surface, restricting seedling recruitment to 
surviving seed-producing trees. Low-intensity fires may 
promote regeneration by thinning stands and stimulating 
sprouting. Birch productivity may benefit from increased 
temperatures because seedling and mature tree growth 
may increase with increasing soil temperatures. Browsing 
pressure may increase with increased drought, as upland 
grasses and forbs desiccate and senesce earlier, or are 
replaced by less palatable species.

Boxelder (Acer negundo)

(Southern Greater Yellowstone, 
Uintas and Wasatch Front, Plateaus 
subregions)

Autecology
Boxelder is a fast-growing and fairly short-lived hard-

wood that grows in riparian and palustrine communities. 
It generally grows on moist sites along lakes and streams, 

on floodplains, and in low-lying wet places where its 
shallow root system can find abundant moisture (Lanner 
1983). Resilient to climate extremes (Preston 1948), 
boxelder is drought tolerant once established and can 
withstand short periods of flooding (Sutton and Johnson 
1974). It is moderately shade tolerant but does not 
reproduce in its own shade. Boxelder roots are shallow 
and spreading, except in deep soils (Preston 1948; Sutton 
and Johnson 1974). It tolerates a wide range of soils but 
grows more vigorously in well-drained soils (Medina 
1986).

Disturbance Interactions
Boxelder grows on moist bottomland sites, which are 

seldom subject to burning. This thin-barked species is 
easily injured by fire (Van Dersal 1938), regenerating via 
sprouting and seeds. It produces large annual crops of 
wind-dispersed seeds that germinate on a wide variety 
of soils. It also sprouts from the root crown, stump, or 
exposed roots following top kill by mechanical dam-
age (Hansen and Hoffman 1988; Nix and Cox 1987). 
Verticillium wilt (Verticillium albo-atrum) is the only 
notable disease that kills boxelder, although it is also 
susceptible to stem canker caused by eutypella canker 
(Eutypella parasitica). Boxelder bugs (Boisea trivittata) 
infest boxelder trees and other maples, but do not cause 
significant damage.

Historical and Current Conditions
Boxelder was used for windbreaks and erosion control 

in many parts of the West. It has no commercial value 
but is sometimes used for firewood. It is used as browse 
by ungulates, and although it is unpalatable to livestock, 
the animals may damage stems while seeking shade. It is 
possible that boxelder stems have increased in some areas 
where American beaver populations were reduced or ex-
tirpated (Dieter and McCabe 1989). It is probably mostly 
intact from an ecological perspective.

Climate Change Responses
Boxelder exists across a broad range of soils and 

topographic locations, but as soil moisture declines in 
a warmer climate, marginal riparian sites may become 
less favorable for regeneration and survival of young 
trees. With increased fire frequency, there are likely to be 
increased vegetative regeneration and decreased produc-
tion of seedlings following fire. Fire is likely to kill seeds 
on or near the soil surface, restricting seedling recruit-
ment to surviving seed-producing trees. Low-intensity 
fires may promote regeneration by thinning stands and 
stimulating sprouting. Boxelder productivity may benefit 
from increased temperatures because seedling and mature 
tree growth may increase with increasing soil tempera-
tures. Browsing pressure on boxelder may increase with 
increased drought, as upland grasses and forbs desiccate 
and senesce earlier, or are replaced by less palatable 
species.
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Gambel Oak (Quercus gambelii)

(Uintas and Wasatch Front, Plateaus, 
Great Basin and Semi Desert 
subregions)

Autecology
Gambel oak is a small deciduous tree or large shrub that 

is widespread in foothills and lower mountain locations of 
the IAP region. The tree typically grows at between 3,000 
and 10,000 feet elevation, where average annual precipita-
tion is 10 to 24 inches. Oak height is typically 10 to 30 feet 
depending on soil type and water availability. Branches 
are irregular and crooked, making them flexible enough 
to bend without breaking when covered with snow. Deep 
roots, xeromorphic leaves, and efficient water transport 
contribute to the high drought tolerance of Gambel oak 
(Kolb and Stone 2000), which grows in both pure stands 
and associated with ponderosa pine, pinyon pine, and other 
hardwood tree and shrub species. In most of its range, 
Gambel oak regeneration depends more on sprouting than 
establishment from seed (Clary and Tiedemann 1986; 
Larsen and Johnson 1998).

Disturbance Interactions
Gambel oak responds to fire by vegetative sprouting 

from its lignotuber and rhizomes, and even the stems can 
survive low-intensity fires (Harper et al. 1985) (fig. 6.5). 
Fire frequency in oak stands depends on accumulation of 
fuels by both oak and associated species (Mitchell 1984). 

Following wildfire, sprouts continue to grow, and natural 
thinning occurs, adding dead stems to the fuel bed. In 
the absence of fire, sprouts form young poles. At the pole 
stage, fires cause 100 percent stem mortality, either creat-
ing openings within stands for resprouting or cycling back 
to a grass-forb stage. In the absence of fire, Gambel oak 
stands reach maturity in 60 to 80 years. Dense understories 
of oak may serve as ladder fuels that carry fire to overstory 
conifers, increasing fire risk to adjacent species. Fire in 
some ponderosa pine stands can convert to thickets of 
Gambel oak, initiating a Gambel oak successional stage 
after the competing ponderosa pine overstory is removed 
(Dick-Peddie and Moir 1970). Late-spring frosts that kill 
oak leaves can cause extreme fire behavior later in the 
summer; the dead leaves tend to cling to the stem and act 
as dry aerial fuels (Jester et al. 2012). Many insects and 
diseases are associated with Gambel oak.

Historical and Current Conditions
Gambel oak acorns have been an important food for 

Native Americans for thousands of years, and the species 
is widely used for firewood. Oak density has been reduced 
in some areas with herbicides, mechanical treatments, 
and prescribed burning, typically to reduce fire hazard 
and protect overstory species such as ponderosa pine. In 
some areas where multiple wildfires have occurred in the 
past 30 years, oak appears to be increasing in dominance 
through sprouting and mortality of conifers (e.g., Adams 
and Dockter n.d.) combined with slow regeneration of the 
overstory.

Figure 6.5—Gambel oak 
sprouts vigorously 
following wildfire, 
as shown in both 
the foreground and 
background. The 
distribution and 
abundance of this 
species may increase 
in a warmer climate, 
replacing conifers as 
a dominant species in 
some locations (photo by 
Heath Haussamen, used 
with permission).
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Climate Change Responses
Gambel oak is very tolerant of low soil moisture, provid-

ing an advantage in a warmer climate with more droughts. 
Oaks sprout readily following wildfire, and with an expected 
increase in fire in the future, oaks may retain dominance 
or codominance in most locations. Being adapted to both 
drought and fire will improve the competitive status of oak 
with co-occurring tree species such as ponderosa pine and 
pinyon pines and probably with other shrub species, except 
at the lowest elevations where shrub-steppe systems domi-
nate. Therefore, it is likely that Gambel oak will increase 
in abundance and possibly distribution in a warmer climate 
with more fire.

Curl-Leaf Mountain Mahogany 
(Cercocarpus ledifolius)

(Uintas and Wasatch Front, Plateaus, 
Great Basin and Semi Desert 
subregions)

Autecology
Curl-leaf mountain mahogany is a drought-tolerant, 

somewhat shade-tolerant, slow-growing tree or tall shrub 
(Lacey and Mosley 2002; Lanner 1983) found at 4,000 to 
8,000 feet elevation in the IAP region (Brotherson 1990), 
typically in scattered patches and in extensive pure stands 
on dry, rocky slopes between conifer and desert steppe com-
munities (Munz 1973; Stubbendieck et al. 1992). The root 
system is shallow and spreads widely (Sutton and Johnson 
1974), typically in shallow to deep, well-drained, low-
fertility sandy loam soils (Davis 1990; Hickman 1993).

Disturbance Interactions
Wildfires usually cause mortality of curl-leaf mountain 

mahogany, although older plants with thick bark may 
survive low-intensity fires (Gruell et al 1985; Martin and 
Johnson 1979). Postfire regeneration is primarily by seed-
ling establishment (Gruell et al. 1985), and sprouting after 
fire is rare (Tisdale and Hironaka 1981). Several species of 
insects, including mountain-mahogany looper (Iridopsis 
clivinaria), feed on mountain mahogany, but do not gener-
ally cause significant damage.

Historical and Current Conditions
Curl-leaf mountain mahogany was used by Native 

Americans to make bows and other small implements. 
Euro-Americans first used it as fuel for mining in the 
1860s. The species provides forage for ungulates and 
wildlife. Livestock can damage productivity where graz-
ing is heavy (Smith 1967a). Fire exclusion has facilitated 
increased mountain mahogany abundance and successful 
regeneration in some locations (Gruell 1982; Kay 2003), 
allowing it to compete with more fire-adapted species. 
Mountain mahogany is occasionally killed with herbicides, 

mechanical removal, or prescribed fire to improve range 
quality or reduce fuel bed continuity.

Climate Change Responses
Curl-leaf mountain mahogany is drought tolerant, so 

it should continue to be productive in a warmer climate 
with more droughts, especially compared to other species. 
However, if wildfire frequency and extent increase as 
expected, it will be at a disadvantage because it is not fire 
tolerant and does not regenerate by sprouting. If wildfire is 
sufficiently frequent, new seedlings may be successively 
killed, thus reducing the abundance of mountain mahogany 
across fire-prone landscapes.

Bigtooth Maple (Acer grandidentatum)

(Uintas and Wasatch Front, Plateaus, 
Great Basin and Semi Desert 
subregions)

Autecology
Bigtooth maple is an important component of montane 

riparian communities in the IAP region (Fitzhugh et al. 
1987; Moir 1982), typically located in canyons, in ravines, 
along mountain streams, and on lower slopes (Alexander 
et al. 1984; Cronquist et al. 1997) at 4,000 to 7,000 feet 
elevation. It is more abundant in the bottom than in the 
top of snowmelt drainages. In Idaho, it grows on hillsides, 
below springs and seeps, and on secondary floodplains 
of narrow canyon drainages (Hall and Hansen 1997). 
It is found on upper slopes in the Wasatch Mountains, 
although it is more common on mesic, north-facing slopes 
than on drier south-facing slopes (Dina and Klikoff 1973; 
Ehleringer et al. 1992). Bigtooth maple is drought tolerant 
(Sorenson et al. 1984; Sutton and Johnson 1974) and cold 
hardy, and tolerates summer temperatures above 100 °F 
(Sorenson et al. 1984).

Disturbance Interactions
Although bigtooth maple can be top-killed by fire, 

plants can survive by sprouting from the root crown 
(Bradley et al. 1992; Harper et al. 1992). In a severe burn, 
this species is likely to be killed (Harper et al. 1992). 
Smaller stems are more likely to be killed by fire, clearing 
areas for new tree seedlings and sprouts from surviving 
larger trees.

Historical and Current Conditions
Little is known about the historical distribution and 

use of bigtooth maple. It has no economic value except as 
firewood. The species is used for forage and cover by na-
tive ungulates and for cover by livestock (Hall and Hansen 
1997). Bigtooth maple is useful for restoration of sites 
where vegetation has been denuded because it establishes 
deep roots, even in infertile soils (Barker 1977).
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Climate Change Responses
Because bigtooth maple is drought tolerant, its pro-

ductivity may be relatively stable in a warmer climate, 
especially because it is located in canyons and other places 
where water is typically present. As soil moisture declines 
in a warmer climate, marginal riparian sites for maple may 
become less favorable for regeneration and survival of 
young trees. With increased fire frequency, there are likely 
to be increased vegetative regeneration and decreased pro-
duction of seedlings in some locations. Low-intensity fires 
may promote regeneration by thinning stands and stimulat-
ing sprouting. Browsing pressure on maple could increase 
with increased drought, as grasses and forbs desiccate and 
senesce earlier, or are replaced by less palatable species.

Crack Willow (Salix fragilis)

(Southern Greater Yellowstone, 
Uintas and Wasatch Front, Plateaus 
subregions)

Autecology
Crack willow is native to Europe and western Asia, 

where it is found in riparian habitats, usually growing be-
side rivers and streams and in marshes and wet meadows. 
It grows in similar habitats in the IAP region. The tree 
grows rapidly to a height of 30 to 60 feet, occasionally 
reaching 90 feet. Stem fragments are spread by water, and 
suckers spread locally. Crack willow outcompetes native 
species in riparian sites and forms dense, often pure stands 
along channels (Czarapata 2005), in some cases causing 
blockages, flooding, and structural changes in waterways 
(Weedbusters n.d.). This species is susceptible to wind, ice, 
and snow damage.

Disturbance Interactions
Crack willow responds favorably to periodic flooding. 

Broken twigs and branches can take root readily, enabling 
the species to colonize new areas as broken twigs fall into 
waterways and can be carried some distance downstream. 
Crack willow is assumed to respond to wildfire like most 
willow species, by sprouting from the root crown follow-
ing top kill.

Historical and Current Conditions
Crack willow is now well established in many riparian 

areas in the IAP region. It was planted for erosion control 
and water uptake in some locations where rapid plant 
growth was desired. Although a nonnative species, crack 
willow is not listed as a noxious weed in any State in the 
IAP region, and it provides habitat for native bird species.

Climate Change Responses
As soil moisture declines in a warmer climate, marginal 

riparian sites for crack willow may become less favorable 
for regeneration and survival of young trees. With increased 
fire frequency, there are likely be increased vegetative 
regeneration and decreased production of seedlings in some 
locations. Even if this species is inhibited somewhat by a 
warmer climate, it is unclear whether native species could 
outcompete it.

Saltcedar (Tamarix spp.)

(Uintas and Wasatch Front, Plateaus 
subregion)

Autecology
Saltcedar (five species) is a nonnative, shrub-like tree 

with numerous large basal branches and a deep, extensive 

Figure 6.6—Saltcedar. 
This species has caused 
widespread damage in 
riparian areas, although 
the recently introduced 
tamarisk beetle is a 
promising biocontrol 
(photo: M. Mejia, Bureau 
of Land Management).
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root system that extends to the water table and is capable of 
extracting water from unsaturated soil layers. Saltcedar is 
found on lakeshores, in riparian floodplain habitats, on sea-
sonally submerged sites, and in fine fluvial substrates (Diggs 
et al. 1999; Welsh et al. 1987). It is competitively superior to 
most native species under dry, saline conditions (Stromberg 
1998; Vandersande et al. 2001), and few species can tolerate 
the understory environment (Brotherson and Winkel 1986) 
(fig. 6.6). Saltcedar is less sensitive to changes in ground-
water availability than native riparian trees with which it is 
commonly associated. Greater tolerance of water stress can 
lead to saltcedar dominance on relatively dry riparian sites 
(Horton et al 2001; Smith et al. 1998; Stromberg 1998). 
Seedlings establish as flood waters recede, leaving moist 
deposits of bare soil along riparian corridors. Its small, 
wind- and water-dispersed seeds make it ideally suited as a 
pioneer species on these sites. Saltcedar is also early seral 
after fire (Busch and Smith 1993; Stuever et al. 1997). It is 
listed as a noxious weed in Nevada.

Disturbance Interactions
Evidence for specialized adaptation to wildfire in 

saltcedar remains unclear, despite its efficient postfire 
recovery—it is usually top-killed by fire but sprouts readily 
from the root crown (Busch 1995). Flammability increases 
with accumulation of dead and senescent woody material 
within the plant. When plants burn under high fuel loads, 
fire tends to be more severe, increasing the likelihood of 
killing the root crown of some individuals (Hohlt et al. 
2002). Saltcedar plants can have many stems and high rates 
of stem mortality, resulting in a dense accumulation of 
dead, dry branches. Fire hazard peaks in tamarisk stands at 
10 to 20 years of age (Ohmart and Anderson 1982). With a 
combination of flood suppression, water stress, and invasion 
by saltcedar, wildfires have replaced floods as the primary 
disturbance factor in many southwestern riparian systems.

Historical and Current Conditions
Saltcedar was introduced in North America in the 1800s, 

spreading rapidly in the southwestern and intermountain 
western United States in the 1920s, and altering the ecol-
ogy and hydrology of riparian areas in this broad region. 
Control of saltcedar has proven to be challenging. Cutting, 
burning, and herbicides have been used in various combina-
tions to reduce saltcedar populations, but treatments need 
to be conducted at large spatial scales to make a significant 
difference (Racher and Mitchell 1999). Biological control 
releases of the nonnative northern tamarisk beetle in the 
Southwest, starting in the 1990s, have caused rapid mortal-
ity and decline in vigor in many saltcedar populations (Sher 
and Quigley 2013; Tracy and Robbins 2009). The success of 
the beetle as a biological control agent is aiding the recovery 
of previously suppressed native riparian species. However, 
because the endangered southwestern willow flycatcher 
(Empidonax traillii extimus) now uses saltcedar as habitat, 
concern exists about beetles causing the loss of flycatcher 

habitat, and introduction of beetles has been restricted in 
some locations.

Climate Change Responses
Saltcedar is more drought tolerant and more efficient 

at obtaining water than most native species with which it 
is associated in riparian areas, so it is not expected to be 
vulnerable to a warmer climate. It also sprouts readily after 
wildfire, so it will be able to persist in a warmer climate 
with more fire. Despite efforts to control saltcedar, it would 
appear to be a permanent fixture in many riparian systems 
regardless of climate change.

Climate Change Assessment for 
Forest Vegetation Types

Vegetation types are broad species assemblages used 
to identify the geographic distribution of vegetation in the 
USFS Intermountain Region (table 6.1). These types are 
used to characterize broad landscapes for mapping, plan-
ning, and various aspects of vegetation management, but do 
not have specific spatial definitions. Here we describe the 
likely response of forest vegetation types to climate change, 
based on the preceding species descriptions (box 6.3).

Subalpine Pine Forest
Subalpine forests dominated by whitebark pine will be 

highly vulnerable in a warmer climate, primarily because 
this species is already subjected to considerable stress from 
white pine blister rust and mountain pine beetle (Chapter 
8). As a result, populations are in decline and reproductive 
capacity is limited, even when germination conditions are 
suitable. In areas where wildfire has been excluded for many 
decades, subsequent fuel loading may create intense future 
fires that lead to mortality of mature trees. Decline in white-
bark pine would have cascading effects on other species that 
eat its seeds, especially Clark’s nutcracker. Subalpine forests 
in which bristlecone pine is a major component are mostly 
in dry locations that could become increasingly stressed by 
low soil moisture, which would reduce growth.

Other subalpine forests are expected to be moderately 
affected by a warmer climate. Limber pine, subalpine fir, 
Engelmann spruce, and white fir may all have increased 
growth in the upper subalpine zone because of a longer, 
snow-free growing season. These species may migrate to 
higher elevations where conditions are suitable, although 
this would be a slow process over many decades. If wildfire 
increases in the subalpine zone, especially where it has been 
excluded in the past, crown fires may be prevalent, quickly 
eliminating mature trees across the landscape. Limber pine 
is challenged by mountain pine beetle and white pine blister 
rust (Chapter 8). Quaking aspen found in subalpine forests 
will be minimally affected by a warmer climate, especially 
compared to aspen at lower elevations.
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Subalpine Spruce-Fir Forest
Spruce-fir forest will be moderately vulnerable to a 

warmer climate. Subalpine fir, Engelmann spruce, and blue 
spruce may all have increased growth in the upper subalpine 
zone because of a longer, snow-free growing season, so 
overall productivity could increase. These species may 
migrate to higher elevations where conditions are suitable, 
although this would be a slow process over decades to cen-
turies. If wildfire increases in the subalpine zone, especially 
where it has been excluded in the past, crown fires may 
be prevalent, quickly eliminating mature trees across the 
landscape.

Often a seral species in spruce-fir forests, lodgepole pine 
is a host of mountain pine beetle. Bark beetle outbreaks in 
Engelmann spruce and lodgepole pine are often severe and 
can accelerate succession in areas of high tree mortality 
(Chapter 8). Most subalpine species are fire intolerant, but 
because most lodgepole pine populations have serotinous 
cones and the potential for rapid, dense regeneration, it is 
likely to persist in high-elevation landscapes. Quaking aspen 
in subalpine forests will be minimally affected by a warmer 
climate, especially compared to aspen at lower elevations. 
Where Douglas-fir is a seral species, it could increase in 
distribution and abundance where sufficient soil water is 
available. In addition, Douglas-fir is more fire tolerant than 
any of its associates, so it may become more common if fire 
increases.

Mesic Mixed Conifer Forest
The composition of mesic mixed conifer forest varies 

greatly across the IAP region, with site conditions and 
species assemblages determining vulnerability to climate 
change. In general, late-seral forests may become increas-
ingly susceptible to wildfire, especially where fire has been 
excluded for many decades and fuel loads are elevated. 
Shasta red fir has some fire tolerance, but other firs and 
lodgepole pine are subject to high mortality from intense 
fires. The firs are intolerant of low soil moisture, so as snow-
pack declines and summer temperature increases, growth 
and productivity will probably decrease, except on north 
aspects.

Douglas-fir, ponderosa pine, and Jeffrey pine have high 
tolerance to fire and can survive mixed- severity fires. 
Therefore, if wildfire extent and intensity increase in the 
future (Chapter 8), these species may become relatively 
more common, and late-seral species may become less 
common. Douglas-fir, ponderosa pine, and Jeffrey pine are 
all tolerant of dry soils, so they are likely to persist across 
the landscape, but their growth rates will probably decrease. 
Lodgepole pine and quaking aspen, which are also com-
mon in this forest type, both respond to wildfire with rapid, 
abundant regeneration and are expected to persist across the 
landscape, possibly with increased stress from insects and 
pathogens (Chapter 8).

Dry Mixed Conifer Forest
The composition of dry mixed conifer forest varies 

across the IAP region, with site conditions and species 
assemblages determining vulnerability to climate change. 
Located in lower-elevation montane sites, often on steep 
slopes and shallow soils, this forest type contains some of 
the most drought-tolerant species in the region. Common 
seral species include ponderosa pine, which is fire tolerant 
and regenerates well after fire, and quaking aspen, which 
sprouts heavily and reproduces after fire. The woodland 
species curl-leaf mountain mahogany, Gambel oak, and 
bigtooth maple are drought tolerant, and the latter two 
sprout vigorously after fire. Therefore, a major component 
of mixed conifer forest is expected to be able to cope with 
both drier soils and increased wildfire.

Twoneedle pinyon and singleleaf pinyon are drought 
tolerant, and although intense fire typically kills them, 
they can usually regenerate successfully if competition is 
minimal. Singleleaf pinyon at its lowest elevational extent 
in northern New Mexico has undergone significant mortality 
from prolonged drought and pinyon engraver beetles during 
the past 15 years (Floyd et al. 2009) (Chapter 8), so this spe-
cies may be susceptible to increasing drought in the future. 
Limber pine, which is considered late seral in these forests, 
is drought tolerant, but may be challenged by mountain pine 
beetle, white pine blister rust, and increasing (usually fatal) 
wildfire (Chapter 8).

Other species such as Douglas-fir and white fir are not 
nearly as drought tolerant as other mixed conifer species. 
Their growth will probably decrease in a warmer climate, 
and although Douglas-fir has relatively high fire tolerance, 
white fir tolerates fire only when it has large-diameter and 
thick bark. In a warmer climate with more fire, it will be 
increasingly difficult for these conifer species to compete 
with early-seral and woodland species that are more tolerant 
of both drought and fire. Therefore, it is likely that early-
seral species will become more dominant in the future, and 
late-seral species will become less common and perhaps 
confined to north aspects and valley bottoms.

Aspen-Mixed Conifer Forest
The composition of this forest type is diverse, distin-

guished by the prominent role of quaking aspen as an 
early-seral species, often in combination with other conifer 
and woodland species. Response to climate change will 
depend on associated species, ranging from high to low el-
evation, and from north to south aspects. Increased wildfire 
frequency and extent will be the primary factor determining 
future composition and structure of aspen-mixed conifer 
forests.

Most of the higher-elevation, late-seral species in this 
forest type (firs, Engelmann spruce) are readily killed by 
fire, especially when immature. If wildfire reaches into the 
subalpine zone, it is likely that mature spruce-fir forests 
will become less common, or will persist only on northern 
slopes and in valley bottoms. Therefore, early-seral species, 
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especially aspen, will attain increasing dominance because 
of their ability to resist fire or regenerate after it occurs. 
This will also be true at lower elevations in this forest type, 
where species such as ponderosa pine can readily survive in-
tense fires, and other species such as aspen and Gambel oak 
sprout aggressively after fire. Productivity in these systems 
will probably be lower in a warmer climate with more fire. 
But the more fire-tolerant species will persist, especially in 
drier locations, where they can outcompete species that are 
susceptible to drought and fire.

Persistent Aspen Forest
Quaking aspen can persist for many decades in some 

forests in the IAP region, where productivity is relatively 
low and conifer species do not compete well. Succession 
proceeds slowly in persistent aspen forests, even in the 
absence of wildfire, especially at the higher elevations of 
the subalpine zone. The late-seral species in this forest type 
(firs, spruces) are readily killed by fire, especially when im-
mature. Consequently, if wildfire reaches into the subalpine 
zone, it is likely that mature spruce-fir forests will become 
less common, or will persist only on northern slopes and in 
valley bottoms. Therefore, aspen will maintain dominance 
because of its ability to sprout aggressively after fire.

This will also be true at lower elevations in this forest 
type, where species such as ponderosa pine can readily 
survive intense fires, and other species such as aspen and 
Gambel oak sprout aggressively after fire. Douglas-fir will 
probably persist at some locations on the landscape because 
it has relatively high drought tolerance and fire tolerance. 
Productivity in these systems will probably be lower in a 
warmer climate with more fire. But the more fire-tolerant 
species will persist, especially in drier locations, where they 
can outcompete species that are susceptible to drought and 
fire.

Montane Pine Forest
Ponderosa pine is a dominant species in drier montane 

locations throughout much of the IAP region. Several 
other conifer species are included in this forest type, but 
are rarely as abundant as ponderosa pine, except in wetter 
locations (north aspects, valley bottoms). Ponderosa pine is 
persistent in these systems because it is tolerant of drought 
and very tolerant of fire. Consistently drier soils will cause 
this species to grow slower, but mortality will be rare unless 
drought lasts for several consecutive years and biotic agents 
cause additional stress (Chapter 8).

The expected increase in frequency and extent in a 
warmer climate will favor ponderosa pine over its less 
fire-tolerant competitors, thus ensuring dominance in most 
forests. But limber pine and bristlecone pine will probably 
persist at higher elevations, where fuel loads are typically 
low. An exception might be in areas where fire exclusion has 
increased stand density and fuel loads conducive to crown 
fires, but even then, regeneration of ponderosa pine will 
probably be sufficient to maintain dominance after fire. If 

insects become more prevalent in a warmer climate (Chapter 
8), they could increase stress and mortality in pine species, 
especially during drought periods.

Riparian Forest
Riparian forests are distributed throughout the IAP region, 

adjacent to lakes, streams, seeps, springs, and high water 
tables. Vegetation is extremely diverse, including a broad 
range of conifer and hardwood species. Many of these spe-
cies occur only in riparian systems, providing habitat for 
numerous wildlife species. In some lower-elevation, drier 
locations, nonnative saltcedar and Russian olive have been 
present, and, in some cases, dominant for many decades, dis-
placing native species and reducing available groundwater.

Riparian systems will be one of the most vulnerable 
vegetation types in a warmer climate because they depend 
on reliable water supply. Higher temperatures will accelerate 
evapotranspiration as soils dry faster and as vegetation takes 
up water earlier and faster during the growing season. Both 
surface and subsurface water flows will decrease if snowpack 
decreases and melts earlier, precluding recharge during dry 
summers (Chapter 4). At a minimum, this will alter vegeta-
tion dominance to species that are more tolerant of seasonal 
drought, including ponderosa pine and other deep-rooted 
conifers. 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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Introduction
Nonforest ecosystems, as they are addressed in this 

chapter, contain woodland, shrubland, herbaceous, wetland, 
or riparian vegetation types. They are estimated to occupy 
over 30 million acres and 50 percent of the U.S. Department 
of Agriculture Forest Service (USFS) Intermountain Region 
(table 7.1). These diverse ecosystems range in elevation 
from desert floors to mountain peaks above 11,000 feet and 
occupy a wide variety of sites, from deep and highly pro-
ductive soils to very shallow nonproductive soils. Other than 
riparian and wetland ecosystems, nonforest vegetation types 
tend to occur in more arid environments or are otherwise 
controlled by edaphic features such as soil depth, drainage, 
or chemical (saline) characteristics.

The diversity and varied conditions of nonforest eco-
systems in the Intermountain Adaptation Partnership (IAP) 
region present challenges for studying the effects of climate 
change. These ecosystems have been exposed to a wide 
variety of uses and impacts, resulting in varied ecological 
conditions across landscapes. Some ecosystems will be less 
resilient to environmental changes such as increasing carbon 
dioxide and other greenhouse gases, warming temperatures, 
and altered amount and timing of seasonal and annual 
precipitation. The objective of this chapter is to provide 
insight into the climate change vulnerability of nonforest 
ecosystems in the IAP region. Climate change vulnerability 
can be defined as the degree to which a system is susceptible 
to and unable to cope with adverse effects of climate change 
(IPCC 2007). This information is intended to provide a basis 
for developing adaptation actions to increase resilience of 
nonforest ecosystems in the IAP region (Chapter 14).

Vulnerability Assessment 
Methods

Climate change vulnerability is a function of the expo-
sure of a system, its sensitivity, and its adaptive capacity 
(IPCC 2007). In a climate change context, exposure can be 
thought of as the degree, duration, or extent of deviation 
in climate to which a system is exposed. Sensitivity is the 
degree to which a system is affected, either positively or 
negatively and directly or indirectly, by climate-related 
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stimuli (IPCC 2007). Adaptive capacity is the ability of 
a system to adjust to climate change (including climatic 
variability and extremes) by moderating potential damages, 
taking advantage of opportunities, or coping with the conse-
quences (IPCC 2007).

In considering the potential vulnerability of nonfor-
est ecosystems to the effects of climate change in the 
IAP region, we modeled our assessment on work done 
by NatureServe (Comer et al. 2012) for the Mojave and 
Sonoran Deserts. NatureServe evaluated sensitivity of 
ecosystems to the direct effects of climate change, as well as 
their resilience to climate change (based on landscape condi-
tion, invasive species, and adaptive capacity). The combined 
relative ratings for sensitivity and resilience were used to 
determine climate change vulnerability by the year 2060 for 
each vegetation cover type.

For our nonforest vegetation vulnerability assessment, a 
team of experts evaluated sensitivity and adaptive capacity 
(as already defined). Adaptive capacity incorporates fac-
tors such as landscape condition, characteristic species and 
genetic diversity, and occurrence of invasive species. For 
example, degraded landscape condition, loss of native spe-
cies and genetic diversity, and high abundance of invasive 
species would lower the adaptive capacity of an ecosystem. 
We relied on published literature and expert evaluations to 
establish a broad rating system that included five categories 
for evaluating the sensitivity and adaptive capacity of the 
vegetation cover types discussed in this report (table 7.2). 
We also developed numerical vulnerability scores, which 
combined sensitivity and adaptive capacity (e.g., a value 
of 5 was used for high sensitivity and low adaptive capac-
ity and a value of 1 was given to low sensitivity and high 
adaptive capacity) (table 7.2). This system creates some 
transparency in the assessment process and provides a 
means to update the assessment with new information as it 
becomes available.

Vulnerability of Nonforest 
Ecosystems to Climate Change
Many of the rangelands in the IAP region have sustained, 

at one time or another, unmanaged livestock grazing. In 
1902, Albert Potter, a staff member under Gifford Pinchot, 
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the first USFS chief, evaluated the conditions of forests and 
rangelands in Utah (Prevedel and Johnson 2005). Potter’s 
diary provides detailed descriptions of the effects of unman-
aged sheep and cattle grazing on the vegetation and soils 
of the forest reserves throughout Utah at that time (Potter 
1902). As he traveled from northern to southern Utah, 
Potter often referred to lands that were “heavily grazed” 
and “heavily stocked” and described lands that were “badly 
tramped out” and “bare of vegetation.” These historical uses 
often led to a change in site potential and ecological states. 
Degraded ecological condition from unmanaged grazing, 
combined with landscape fragmentation, will render many 
sites less resilient to changing climate. These sites have lost 
their diversity in species, structure, and genetic composition, 
and many plants on these sites have decreased vigor, lower-
ing their ability to respond to and cope with the direct (e.g., 
increased temperatures) and indirect effects (e.g., increased 
fire) of climate change.

Other primary management concerns in the IAP region 
include invasive species and uncharacteristic fire regimes, 
or fire regimes (intensity, severity, extent, and timing of fire) 
that differ from those before Euro-American settlement. 
Many low-elevation sagebrush habitats now have signifi-
cantly shortened fire return intervals (Balch et al. 2013). 

Increasing dominance by invasive cool-season, annual 
grasses has created a positive feedback cycle, characterized 
by frequent fire followed by increased dominance of annual 
grasses creating fuel conditions that facilitate combustion 
(Balch et al. 2013). The invasive species of greatest concern 
is cheatgrass (Bromus tectorum), although other invasive 
annuals such as medusahead (Taeniatherum caput-medusae) 
are growing concerns throughout the region. The expansion 
of these and other species may be supported by elevated 
atmospheric carbon dioxide concentrations, increased area 
burned, and increased soil disturbance (Chambers et al. 
2014; Nowak et al. 2004). In addition, the frequent-fire 
cycle may be exacerbated by wetter and warmer winters, 
which promote cool-season grass growth (fuel production), 
increased fuel levels and continuity, and increased area 
burned (if ignitions occur) (Bradley et al. 2016). Where 
improper grazing occurs, it can also accelerate annual grass 
invasion, resulting in changes in the fire cycle, especially in 
the drier sagebrush types.

Land use legacies, coupled with changing climate, pose 
unique challenges for managers in the region. Potential 
interactions between land use change, management, and 
climate change are not well understood, but the extent to 
which ecosystem resilience has been affected by human 

Table 7.1—Amount of non-forest vegetation cover types in the IAP region, developed from LANDFIRE data.

IAP Region
Middle 
Rockies

Southern 
Greater 

Yellowstone
Uintas and 

Wasatch Front Plateaus

Great Basin 
and Semi 
Desert

---------------------------------------------------------Percent-----------------------------------------------------

Forest 49.3 62.0 65.5 55.4 45.6 15.0

Non-forest 50.7 38.0 34.5 44.6 54.4 85.0

Pinyon-juniper shrublands 
and woodlands 12.6   0.0   0.0   4.9 29.2 37.0

Oak-maple woodlands   2.2   0.0   0.1   9.7   4.4   0.5

Mountain-mahogany 
woodlands   2.1   0.1   0.0 2.3   3.2   6.1

Mountain big sagebrush 
shrublands 13.0 17.9 12.0 13.4   3.5 11.4

Dry big sagebrush 
shrublands   6.5   2.3   0.5   5.4  3.3 20.2

Mountain shrublands   2.2   3.7   2.8   1.4   1.4   0.3

Dwarf sagebrush shrublands   1.2   0.7   0.0   0.3   4.3   1.6

Blackbrush shrublands   0.5   0.0   0.0   0.0   0.1   2.2

Salt desert shrublands   0.3   0.0   0.1   0.4   0.3   1.1

Grasslands   4.3   9.9   2.1   1.0   0.7   1.9

Subalpine forb   2.5   1.6   7.9   2.4   1.5   0.6

Alpine   1.6   0.5   5.7   1.6   1.0   0.3

Riparian   1.3   0.5   1.6   1.9   1.5   1.8

Wetland   0.6   0.7   1.6   0.0   0.0   0.2
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uses will ultimately affect the ability of those ecosystems to 
respond to changing climate.

Climate change projections for the IAP region (Chapter 
3) indicate that average annual minimum and maximum 
temperatures are likely to increase by 5 to 12 oF, mean an-
nual precipitation will remain the same or increase slightly, 
extreme events (e.g., drought and extreme precipitation 
events) will occur more frequently and be more severe, 
and concentrations of carbon dioxide and other greenhouse 
gases in the atmosphere will continue to increase through 
the end of the 21st century. Minimum daily temperatures 
in the Great Basin in the 20th century increased more than 
maximum temperatures (Chambers 2008). In addition, these 
increased minimum daily temperatures have resulted in 
longer frost-free periods. Projections vary somewhat by sub-
region, but even where precipitation is projected to increase 
slightly, higher temperatures are likely to lead to greater 
effective drought and soil water deficit.

Despite increased moisture stress, net primary productiv-
ity (NPP) of vegetation in the IAP region may increase with 
warming temperatures due to greater water-use efficiency 
associated with carbon dioxide fertilization effects (Reeves 
et al. 2014). Projections suggest that there will be a greater 
increase in NPP in the northern cooler and wetter portions of 
the IAP region (Southern Greater Yellowstone and Middle 

Rockies subregions). A short decline in NPP will precede 
a smaller increase in NPP in the southern warmer and drier 
portions of the region (Plateaus and Great Basin and Semi 
Desert subregions) (fig. 7.1). However, the capacity to 
respond to carbon dioxide fertilization varies greatly among 
and within plant functional groups, suggesting that changes 
in NPP will not be expressed uniformly by species within 
plant communities. Ecosystem response to climate change 
throughout the IAP region will vary with local site charac-
teristics (e.g., water holding capacity, soil characteristics) 
and ecological condition.

Paleoecological studies have shown that species respond 
individualistically and at different rates with changing cli-
mates, resulting in reshuffling species associations and novel 
community combinations (Delcourt and Delcourt 1981; 
Williams and Jackson 2007). Thus, each species is likely to 
respond differently to future climatic changes and carbon 
dioxide fertilization (Anderson and Inouye 2001), depending 
on physiological tolerances and the competitive ability of 
the species. Consequently, we are likely to see new vegeta-
tion communities in the IAP region under changing climate. 
However, because vegetation types, or groups of associated 
species, are widely known and provide a convenient unit of 
assessment, we discuss climate change effects by vegetation 
type, highlighting likely species-level responses.

Table 7.2—Vulnerability ratings for sensitivity and adaptive capacity of non-forest cover types in the IAP region, based on 
published literature and expert evaluations by a team of scientists.

Sensitivity 
rating

Sensitivity 
score

Adaptive 
capacity 

rating

Adaptive 
capacity 

score
Combined 

score Vulnerability

Alpine H 5 L 5 10 Very High

Dry big sagebrush shrublands H 5 L 5 10 Very High

Low-elevation riparian H 5 L-M 4 9 High-Very High

Subalpine forb communities H 5 M 3 8 High

Persistent pinyon-juniper 
woodlands

H 5 M 3 8 High 

High-elevation riparian M-H 4 L-M 4 8 High 

Mountain-mahogany 
woodlands

M 3 L-M 4 7 Moderate-High

Mountain big sagebrush 
shrublands

M 3 L-M 4 7 Moderate-High 

Mountain grasslands M 3 L-M 4 7 Moderate-High

Salt desert shrublands M 3 L-M 4 7 Moderate-High

Mid-elevation riparian M-H 4 M 3 7 Moderate-High

Blackbrush L-M 2 L 5 7 Moderate-High

Dwarf sagebrush shrublands M-H 4 M-H 2 6 Moderate 

Sprouting sagebrush M 3 M 3 6 Moderate 

Oak-maple woodlands L-M 2 M 3 5 Low-Moderate

Mountain shrublands L-M 2 M-H 2 4 Low-Moderate
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Woodland Ecosystems
Woodland ecosystems include vegetation stands with 

at least 10 percent cover of tree species that are typically 
less than 40 feet tall at maturity, and often less than 16 
feet tall on relatively harsh sites. Woodlands, in general, 
are more abundant in Utah and Nevada than in Idaho or 
Wyoming (table 7.1). Three woodland types are included in 
this assessment: persistent pinyon-juniper, oak-maple, and 
mountain mahogany. Persistent pinyon-juniper woodlands 
are those dominated by pinyon pine (Pinus edulis, P. mono-
phylla) or juniper, either in combination or as individual 
species. Oak-maple woodlands are dominated by Gambel 
oak (Quercus gambelii) or bigtooth maple (Acer grandi-
dentatum), or both; mountain mahogany woodlands are 
dominated by curl-leaf mountain mahogany (Cercocarpus 
ledifolius). These woodland types generally occur on mid-
elevation sites (but can be found on south-facing slopes at 
higher elevations) and are found on a wide variety of soils.

Persistent Pinyon-Juniper Woodlands
Three general pinyon-juniper vegetation types have been 

defined based on canopy structure, characteristics of the 
understory, and historical disturbance regimes (Romme et al. 
2009): persistent pinyon‐juniper woodlands, wooded shrub-
lands, and pinyon‐juniper savannas. Pinyon-juniper savannas 
are uncommon in the IAP region and are not described here. 
Persistent pinyon-juniper woodlands are those that were 
historically dominated by pinyon (singleleaf pinyon [Pinus 
monophylla] or twoneedle pinyon [P. edulis]) or juniper, 
or both, and where fire was rare, usually because of poor 
soil conditions and low surface fuel levels and continuity. 

Wooded shrublands are characterized by a dominant shrub 
component (most notably mountain big sagebrush [Artemisia 
tridentata ssp. vaseyana] and Wyoming big sagebrush [A. 
t. ssp. wyomingensis], but wooded shrublands also occur in 
dwarf sagebrush ecosystems). The density of pinyon and 
juniper in various combinations increases and decreases over 
time in response to climate and disturbance, including fire 
and insect outbreaks.

Only those plant communities that historically occurred 
as tree-dominated sites for a majority of time under pre-
Euro-American natural disturbance regimes are included in 
our persistent pinyon-juniper woodlands discussion. Many 
sites now dominated by pinyon pines or junipers, or both, 
were historically dominated by sagebrush or other shrubby 
species because of more frequent fire and lack of grazing, 
and these are not included in the woodlands discussion. 
They are, however, included in the discussions of the shru-
bland landscapes they now occupy.

In many areas where Wyoming big sagebrush, mountain 
big sagebrush, black sagebrush (Artemisia nova), and low 
sagebrush (Artemisia arbuscula) species historically domi-
nated the landscape, expansion by pinyon pine and juniper, 
and to a lesser extent, other conifers, is occurring (Miller 
and Tausch 2001). In advanced stages of expansion, dense 
woodlands completely replace shrubland communities, and 
these changes are commonly attributed to a lengthening of 
fire-free intervals associated with 20th-century fire suppres-
sion. However, livestock grazing and climatic conditions 
favorable for tree establishment in the early 20th century also 
affected vegetation (Miller and Tausch 2001). Burkhardt and 
Tisdale (1969) found that western juniper (Juniperus occi-
dentalis) had more than doubled its distribution between the 

Figure 7.1—Average 
and standard 
deviation of net 
primary production 
under the A1B, A2, 
and B2 climate 
change scenarios 
for five subregions 
in the Intermountain 
Adaptation 
Partnership region 
(data from Reeves et 
al. [2014]).
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1860s, when Euro-American settlement of the West began, 
and the time of their study about 100 years later. Miller et al. 
(2008) found that 50 to 75 percent of the sagebrush-steppe 
communities in portions of Idaho, Oregon, Nevada, and 
Utah supported expansion of western juniper, Utah juniper 
(Juniperus osteosperma), or singleleaf pinyon by 1920. 
This rate of expansion has decreased, possibly because of a 
reduction in the rate of establishment (Miller et al. 2008).

To determine the degree to which pinyon-juniper 
woodlands have expanded in the Intermountain Region, 
we compared LANDFIRE biophysical setting (BpS) 
(LANDFIRE 2008) and existing vegetation type (EVT) 
(LANDFIRE 2012) data for the acreage dominated by 
sagebrush shrublands and pinyon-juniper woodlands and 
shrublands. The BpS layer represents vegetation cover 
types that may have been present before Euro-American 
settlement. This layer is based on both the current physical 
environment (NatureServe’s ecological systems classifica-
tion [Comer et al. 2003]) and an approximation of historical 
disturbance regimes. The EVT layer is an approximation of 

existing land cover types that relies on decision tree models, 
field data, Landsat imagery, elevation, and biophysical gra-
dient data as predictors of vegetation. 

Table 7.3 shows the difference in acres of pinyon-juniper 
woodlands and shrublands and sagebrush shrublands 
between the BpS and EVT layers for each IAP subregion, 
estimating change in dominance of sagebrush and pinyon-
juniper dominated landscapes in the Intermountain Region 
since Euro-American settlement. It indicates that pinyon-
juniper has increased the most in the Great Basin and Semi 
Desert subregion. Pinyon-juniper has also increased, but to 
a lesser degree, in the Plateaus and the Uintas and Wasatch 
Front subregions.

Vegetation Type Description and Distribution
Persistent pinyon-juniper woodlands are dominated by 

singleleaf pinyon or twoneedle pinyon, and by western 
juniper or Utah juniper in various combinations. Persistent ju-
niper woodlands occur throughout the Great Basin and Semi 
Desert, Plateaus, and Uintas and Wasatch Front subregions, 

Table 7.3—LANDFIRE-derived estimates (percent of the landscape) of change in dominance 
of sagebrush and pinyon-juniper dominated landscapes in the Intermountain Region 
since Euro-American settlement. The biophysical settings (BpS) layer (LANDFIRE 2008) 
represents the vegetation cover type that may have dominated the landscape prior to 
Euro-American settlement. The existing vegetation type (EVT) layer (LANDFIRE 2012) 
is an approximation of existing land cover types that relies on decision tree models, 
field data, Landsat imagery, elevation, and biophysical gradient data as predictors of 
vegetation.

Subregion and cover type BpS EVT
Difference
(EVT – BpS)

----------------------Percent---------------------------

Middle Rockies

Pinyon-juniper woodlands and shrublands     0.0     0.0     0.0

Sagebrush shrublands 100.0 100.0

Southern Greater Yellowstone

Pinyon-juniper woodlands and shrublands     0.0     0.2   +0.2

Sagebrush shrublands 100.0   99.8

Uintas and Wasatch Front

Pinyon-juniper woodlands and shrublands     4.5   20.4 +15.9

Sagebrush shrublands   95.5   79.6

Plateaus

Pinyon-juniper woodlands and shrublands   48.1   72.2 +24.1

Sagebrush shrublands   51.9   27.8

Great Basin and Semi Desert

Pinyon-juniper woodlands and shrublands     0.3   52.7 +52.4

Sagebrush shrublands   99.7   47.3
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but are relatively insignificant in the Middle Rockies and 
Southern Greater Yellowstone subregions (fig. 7.2). In the 
IAP region, persistent pinyon-juniper woodlands generally 
make up between 2 and 10 percent of the total woodland ar-
eas in any given geographic area (Miller et al. 1999), but they 
are particularly abundant on portions of the Colorado Plateau 
at lower elevations (Romme et al. 2009).

Species composition of pinyon-juniper woodland varies 
across the IAP region. Western juniper occurs along the 
western edge of the Great Basin and Semi Desert subregion 
in southwestern Idaho and northwestern Nevada (fig. 7.2a). 
Utah juniper is the most common tree in the Great Basin and 
Semi Desert subregion, and is widely distributed throughout 

the Plateaus, and Uintas and Wasatch Front subregions; it 
is much less abundant in the Middle Rockies and Southern 
Greater Yellowstone subregions (Lanner 1983) (fig. 7.2b). 
Singleleaf pinyon is mostly limited to woodlands in the 
California, Nevada, and extreme southwestern Utah portions 
of the Great Basin and Semi Desert subregion (fig. 7.2c). 
A few disjunct populations occur in other National Forest 
lands in Utah, notably in the Mollens Hollow Research 
Natural Area on the Logan District of the Uinta-Wasatch-
Cache National Forest. Twoneedle pinyon occurs at lower 
elevations of National Forests in the Plateaus subregion 
and in adjacent landscapes of the Uintas and Wasatch Front 
subregion (fig. 7.2d).

Figure 7.2—Modeled distribution of juniper and pinyon pine species in the Intermountain Adaptation Partnership region: (a) 
western juniper, (b) Utah juniper, (c) singleleaf pinyon, and (d) twoneedle pinyon. Data are from USDA FS (2017). Model 
projections to 2090 are based on two global circulation models (HadCM3GGa1, CGCM2_ghga), assuming an increase in 
greenhouse gas emissions of 1 percent per year since 1990 (see Rehfeldt et al. [2006]). 

a) b)

c) d)
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Pinyon-juniper woodlands often occur on rocky upland 
sites with shallow and coarse-textured soils that support 
sparse herbaceous vegetation cover (fig. 7.3). Curl-leaf 
mountain mahogany may be a codominant or subdominant 
woodland species. Immediately after disturbance, these sites 
are dominated by shrubs, grasses, or forbs, or a combina-
tion, which may persist for long periods of time.

The age of many pinyon and junipers in persistent stands 
throughout the West suggests that natural stand-replacement 
fires of mixed to high severity may be infrequent to rare, av-
eraging 100 to 500 years (Bauer and Weisberg 2009; Miller 
et al. 1999; Romme et al. 2009). Low-intensity surface 
fires had a very limited role in affecting stand structure and 
dynamics in most persistent woodlands historically; most 
fires were high-severity, stand-replacement fires (Romme et 
al. 2009). However, fire history is often difficult to measure 
in these ecosystems because of the lack of fire scar evidence 
in many pinyon-juniper ecosystems (Baker and Shinneman 
2004).

Sensitivity to Climate Change: High
Occupying the transition zone between mesic forests at 

higher elevations and xeric environments too dry for trees 
at lower elevations, pinyon-juniper woodlands may be 
highly sensitive to changes in temperature and precipitation 
(Romme et al. 2009). Climate envelope model projections 
for species dominant in pinyon-juniper woodlands indicate 
a significant contraction of this type in Nevada and Utah 
(classified as Great Basin conifer forest by Rehfeldt et al. 
2012). The likely causes of these projected contractions 
include higher temperatures and increasing drought stress.

In addition to the direct effects of climate change, 
pinyon-juniper woodlands may be sensitive to the indirect 
effects of climate change, including increased area burned 
(McKenzie et al. 2004) and insect outbreaks (Romme et al. 

2009). For example, a major pinyon pine mortality event in 
2002–2004 in Colorado, Arizona, New Mexico, and Utah 
resulted from high temperatures, drought, and bark beetle 
outbreaks (Romme et al. 2009). Fire directly causes tree 
mortality, and warm and dry conditions after fires may also 
inhibit tree regeneration, affecting species composition and 
long-term vegetation trajectories (Floyd et al. 2015).

As a result of these sensitivities to the direct and indirect 
effects of warming, persistent pinyon-juniper woodlands 
are rated as highly sensitive to climate change (table 7.2). 
However, Utah juniper, which is the most common juniper 
in the region, has been observed moving downslope into 
communities currently dominated by sagebrush. At the same 
time, pinyon pines have been observed moving upslope. It 
is unclear which novel communities will form in a changing 
climate, but some new communities that include juniper and 
possibly pinyon are likely to remain, at least on portions of 
the landscape.

Adaptive Capacity: Moderate
Persistent pinyon-juniper woodlands are a complex set 

of ecosystems with a high degree of variation among sites 
(Romme et al. 2009). Many sites on which this vegetation 
type occurs have relatively low abundance of invasive 
species, and because many sites with persistent pinyon-
juniper woodlands occur in well-protected, rocky areas 
with relatively little pressure from livestock grazing and 
other human uses, their ecological condition has not been 
degraded. However, with climate change, they may be af-
fected by invasive species from adjacent plant communities, 
specifically invasive annual grasses such as cheatgrass, 
particularly at the lower-elevation ecotones (Chambers et al. 
2014). Cheatgrass invasion significantly shortens fire return 
intervals (Chambers et al. 2014) and could cause major 
ecological change in these woodlands. For this reason, the 

Figure 7.3—Utah juniper. The 
presence of very old Utah 
juniper suggests that this 
rocky site would only rarely 
develop a grassy understory 
capable of carrying a surface 
fire (from Tausch and Hood 
[2007]).
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adaptive capacity of pinyon-juniper woodlands is rated as 
moderate (table 7.2).

Vulnerability to Climate Change: High
The vulnerability of persistent pinyon-juniper is high be-

cause of high sensitivity to the direct and indirect effects of 
climate change and moderate adaptive capacity (table 7.2). 
Comer et al. (2012) found that the vulnerability of Great 
Basin pinyon-juniper woodlands in the Mojave Desert, 
south of the Great Basin, was moderate, because although 
these ecosystems were highly sensitive to climate change 
(they are projected to contract with warming), their adaptive 
capacity was also high. In our assessment, we gave greater 
importance to the effects of climate change on adjacent 
landscapes that would indirectly affect the resilience of the 
persistent pinyon-juniper woodlands, leading to a vulner-
ability rating of high.

Oak-Maple Woodlands
Vegetation Type Description and Distribution
Oak-maple woodlands are dominated by mature stands 

of bigtooth maple or Gambel oak, or both, under natural 
disturbance regimes. These woodlands are most abundant in 
the Uintas and Wasatch Front subregion and are also found 
in the Plateaus subregion (table 7.1, fig. 7.4). Gambel oak is 
more widespread in the Plateaus subregion, occurring over 
a greater range of elevations, but generally does not extend 
north of Brigham City in northern Utah. Bigtooth maple, 
on the other hand, extends through central Utah into the 
Southern Greater Yellowstone subregion. Although charac-
teristic of these woodlands, both species (especially Gambel 
oak) occur as subdominant components of mountain 

shrubland communities, and boundaries between these veg-
etation types are sometimes arbitrary.

Historical fire regimes in oak-maple woodlands are not 
well understood because of a lack of physical evidence such 
as fire scars (Kaufmann et al. 2016). However, these wood-
lands are well adapted to fire. Immediately after disturbance, 
these sites are dominated by shrubs, grasses, or forbs. Both 
dominant tree species, as well as many of the associated 
shrubs and herbaceous species, sprout from the root crown 
following top kill, so postdisturbance grass-forb dominance 
is short lived.

Sensitivity to Climate Change: Low to Moderate
Climate envelope model projections show a slight restric-

tion of current habitats of Gambel oak and an expansion of 
its climate envelope into Idaho and Montana by 2060; a few 
of these models show expansion into eastern Nevada as well 
(Rehfeldt et al. 2006). During that same time period, some 
models indicate an expansion of the bigtooth maple climate 
envelope into eastern Idaho and Montana, although the 
distribution throughout much of its current range decreases. 
For these reasons, we have determined that this vegetation 
type has a low to moderate sensitivity to the effects of cli-
mate change (table 7.2).

Adaptive Capacity: Moderate
Gambel oak and bigtooth maple sprout after fire, and can 

easily reestablish following disturbance (Engel 1983). In ad-
dition, there are many species associated with Gambel oak 
or bigtooth maple communities (Simonin 2000; Tollefson 
2006), many of which sprout following fire. This diversity 
of fire-adapted species provides these communities with 
significant adaptive capacity. However, adaptive capacity 

a) b)

Figure 7.4—Modeled distribution of (a) bigtooth maple and (b) Gambel oak in the Intermountain Adaptation Partnership region. 
Data are from USDA FS (2017). Model projections to 2090 are based on two global circulation models (HadCM3GGa1, 
CGCM2_ghga), assuming an increase of greenhouse gas emissions of 1 percent per year since 1990 (see Rehfeldt et al. 
[2006]). 
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of these ecosystems is affected to some degree by the 
number of invasive species capable of invading following 
disturbance, which can lower species diversity and alter fire 
regimes. This type is given a moderate adaptive capacity 
rating because of the potential for invasive species establish-
ment (table 7.2).

Vulnerability to Climate Change: Low to Moderate
The vulnerability of oak-maple woodlands is rated as 

low to moderate because of the low to moderate sensitivity 
and moderate adaptive capacity to climate change (table 
7.2). Although the current locations of these woodlands may 
change over time, the amount of land covered by this veg-
etation type may increase to some degree outside its current 
distribution.

Mountain Mahogany Woodlands
Vegetation Type Description and Distribution
Curl-leaf mountain mahogany woodlands typically occur 

throughout the IAP region in isolated patches on warm, 
rocky ridges and on other sites with dry, coarse-textured 
soils, primarily on western or southern exposures (Davis 
and Brotherson 1991). These woodlands are most common 
in the Great Basin and Semi Desert, Plateaus, and Uintas 
and Wasatch Front subregions (table 7.1). Historically, 
this type was restricted to rocky areas that were probably 
protected from fire, but curl-leaf mountain mahogany, like 
pinyon-juniper (although to a lesser extent), has expanded 
because of fire exclusion in habitats where frequent fires 
historically kept it in check (Davis and Brotherson 1991). 
Most often, curl-leaf mountain mahogany is killed by 
fire, and regeneration is only by seed (Gruell et al. 1985). 
However, early postfire recolonization by mountain ma-
hogany is facilitated by seeds that are well adapted for wind 
dispersal. Consequently, this species is often among the 
first nonsprouting shrubs and trees to reoccupy a burn when 
unburned plants provide a seed source nearby. Curl-leaf 
mountain mahogany can survive for long periods (Riegel 
et al. 2006), and on sites that have sustained long fire-free 
periods, mahogany trees have been found to be over 400 
years old (Dealy 1975).

Sensitivity to Climate Change: Moderate
Climate envelope models project a significant restriction 

in the climate envelope of curl-leaf mountain mahogany 
(Rehfeldt et al. 2006). The species occurs across a broad 
elevational gradient (7,000–11,000 feet), which suggests 
some resilience to climate change. Curl-leaf mountain 
mahogany is often found on soils that have low fertility 
(Gucker 2006) or contain calcium carbonates (although 
this trait does not seem to be as evident in the Great Basin 
as elsewhere in its distribution) (Gonella and Neel 1995). 
These traits, combined with relatively high predation of its 
seeds (Dealy 1979), suggest the species may not be a good 
competitor. However, the affinity of the species for poor 
soils suggests it is tolerant of poor conditions, and it could 

potentially expand into areas where other species become 
less competitive in warmer and drier conditions. For these 
reasons, and because of the similarity of some mountain ma-
hogany woodland sites to those of persistent pinyon-juniper 
woodland sites, the sensitivity of these woodlands is rated as 
moderate (table 7.2).

Adaptive Capacity: Low to Moderate
The lack of fire since the early 1900s has allowed 

curl-leaf mountain mahogany to expand to some degree 
and occupy new habitats. Livestock grazing has also been 
largely absent from these woodland communities because 
of the difficult terrain and sparse forage (USDA FS 2013). 
However, abundance of invasive species has increased in 
some of these communities, potentially affecting fire return 
intervals and resilience. In addition, this vegetation type 
generally does not have a high level of site diversity. For 
these reasons, and because the species grows slowly and 
does not sprout following fire, the adaptive capacity of 
mountain mahogany woodlands is rated as low to moderate 
(table 7.2).

Vulnerability to Climate Change: Moderate to High
The vulnerability of mountain mahogany woodlands 

to climate change is rated moderate to high because of the 
moderate sensitivity rating and the low to moderate adaptive 
capacity rating (table 7.2). These communities are limited to 
specific sites and have few places where they can expand.

Shrubland Ecosystems
Shrubland ecosystems are vegetation communities with 

at least 10 percent cover of shrub species that are generally 
less than 6.5 feet tall at maturity, and often less than 1.5 feet 
tall on relatively harsh sites. Shrubland ecosystems include 
those dominated by dwarf and big sagebrush or a variety of 
upland shrub species, as well as all salt desert communities. 
The term shrub-steppe is often applied to shrubland eco-
systems when herbaceous understory vegetation (generally 
perennial grasses and forbs) is sufficiently abundant to co-
dominant. Mountain big sagebrush shrubland (shrub-steppe) 
is the most common shrubland type in the IAP region. 
Mountain big sagebrush and dry big sagebrush shrublands 
make up nearly 40 percent of the nonforest vegetation in the 
IAP region (table 7.1). As already noted (table 7.3), much of 
the area historically dominated by these shrublands, as well 
as other sagebrush-dominated shrublands, has been invaded 
by pinyon pine or juniper. Mountain shrublands, though 
present throughout the region, are more extensive in the 
northern subregions (Middle Rockies and Southern Greater 
Yellowstone). Dry big sagebrush shrublands are most abun-
dant on National Forest lands in the Great Basin and Semi 
Desert subregion. Dwarf sagebrush shrublands also occur 
throughout the region, but are most abundant in the Plateaus 
subregion. Blackbrush and salt desert shrublands occupy 
only minor portions of National Forest lands in the region, 
but are more widespread on adjacent landscapes at lower 
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elevations in the Plateaus and Great Basin and Semi Desert 
subregions.

Various species and varieties of sagebrush have been 
combined into four unique sagebrush types because of 
similarities in environments they inhabit, plant structure, or 
response to disturbances. These sagebrush types are:

• Mountain big sagebrush shrublands—
Mountain big sagebrush and Bonneville big 
sagebrush (Artemisia tridentata ssp. vaseyana × 
wyomingensis).

• Dry big sagebrush shrublands—Wyoming big 
sagebrush and basin big sagebrush (Artemisia 
tridentata ssp. tridentata).

• Sprouting sagebrush shrublands—Mountain 
silver sagebrush (A. cana ssp. viscidula), snowfield 
sagebrush (A. spiciformis), and threetip sagebrush 
(A. tripartita). Timberline sagebrush (A. rothrockii) 
is endemic to the Sierra Nevada in California and 
has very limited distribution within the region. Thus, 
it is not addressed in any detail in this report.

• Dwarf sagebrush shrublands—Low sagebrush, 
black sagebrush, scabland sagebrush (A. rigida), 
Bigelow sagebrush (A. bigelovii), Owyhee sagebrush 
(A. papposa), budsage (A. spinescens), and pygmy 
sagebrush (A. pygmaea).

Although Wyoming and various low-growing sagebrush 
species are common throughout the region, mountain big 
sagebrush communities occupy the greatest area of USFS 
lands (table 7.1). Wyoming and basin big sagebrush types 
were aggregated because of similarities in life history traits, 
and because they represent critical habitats for many species 
of birds and wild and domestic ungulates. However, basin 
big sagebrush occupies sites with deeper soils (often on 
alluvial fans). These conditions tend to increase available 
moisture, with higher coverage by perennial bunchgrasses, 
suggesting these sites may be more resilient and resistant to 
various threats (Chambers et al. 2013). Similarly, the low 
or dwarf sagebrush species were combined for their com-
mon physical structure, unique habitats they represent, and 
similar life histories. Finally, all sprouting sagebrush species 
were combined because of their similar response to fire.

Overall, about 10 percent of the sagebrush-steppe of the 
Southwest and Intermountain West has been converted to 
dryland or irrigated agriculture (Noss et al. 1995). Over 99 
percent of the remaining sagebrush-steppe has been affected 
by livestock, and about 30 percent of that area has been 
heavily grazed. In addition, much of the sagebrush in the 
IAP region contains annual invasive species, with impacts 
concentrated in lower-elevation, more xeric sagebrush 
landscapes (Miller et al. 2011). Various nonnative perennial 
species, such as crested wheatgrass (Agropyron cristatum 
and A. desertorum), intermediate wheatgrass (Thinopyrum 
intermedium), smooth brome (Bromus inermis), and forage 
kochia (Bassia prostrata), have been seeded for forage, 
fire breaks, or erosion control throughout the region. These 

species now dominate large areas, and continue to be seeded 
during postfire rehabilitation across much of the region de-
spite some concerns for impacts on native species diversity 
(Davies et al. 2013; Lesica and Deluca 1996).

Effects of Climate Change
Several recent studies modeled the effects of climate 

change on sagebrush shrublands in the western United 
States (Balzotti et al. 2016; Bradley 2010; Schlaepfer et 
al. 2012; Still and Richardson 2015). Each of these studies 
concluded that climate change is likely to have significant 
effects on sagebrush ecosystems. Climate change risk to 
sagebrush is most pronounced in southern Nevada because 
decreased summer precipitation and increased temperatures 
there could make current sagebrush habitat climatically 
unsuitable in the future (Bradley 2010; Schlaepfer et al. 
2012). Still and Richardson (2015) projected a 39 percent 
loss of the climate suitable for Wyoming big sagebrush 
across its range in the West. Neilson (2005) projected a 
loss of 12 percent of all current sagebrush habitat with each 
1.8-°F increase in temperature, and the southern limit of 
suitable climate for many sagebrush species may shift to the 
northern Great Basin.

Sagebrush species, however, commonly hybridize, 
which has been shown to provide greater ability to adapt to 
changing environments (Hoffman and Sgrò 2011; McArthur 
2000). In addition, all major species of sagebrush included 
in this discussion have both diploid and polyploid popula-
tions (McArthur 2000). Polyploids are smaller with slower 
growth rates that make them better adapted to stressful 
environments than their diploid relatives (Sanderson et al. 
1989). Sagebrush, as a complex, may have greater ability to 
adapt to climate change than other associated taxa. It is im-
possible, however, to understand what effect new genotypes 
could have on future generations of sagebrush, how quickly 
they may develop, and how emergence of new genotypes 
may affect their ability to occupy sites that are becoming 
increasingly warmer and drier.

Mountain Big Sagebrush Shrublands
Vegetation Type Description and Distribution
Mountain big sagebrush plant communities occur 

throughout the IAP region and are generally found at 
elevations between 4,500 and 10,200 feet on moderately 
deep to deep, well-drained soils and on sites that are more 
cool and mesic than those associated with Wyoming big 
sagebrush plant communities (Blaisdell et al. 1982; Tueller 
and Eckert 1987; West et al. 1978; Winward 1980; Winward 
and Tisdale 1977). Mountain big sagebrush communities 
are dominated by mountain big sagebrush or xeric big sage-
brush for long periods of time under historical disturbance 
regimes. Basin big sagebrush, snowfield sagebrush, moun-
tain silver sagebrush, or threetip sagebrush may also occur 
as minor components in this vegetation type. Other shrub 
taxa, such as yellow rabbitbrush (Chrysothamnus viscidiflo-
rus), rubber rabbitbrush (Ericameria nauseosa), mountain 
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snowberry (Symphoricapos oreophilus), Woods’ rose (Rosa 
woodsii), Saskatoon serviceberry (Amalenchier alnifolia), 
and chokecherry (Prunus virginiana) may be present at 
subdominant levels. Except where degraded by chronic 
overgrazing, the herbaceous understory of mountain big 
sagebrush communities supports a rich variety of perennial 
grasses and forbs that are critical for system resilience and 
wildlife habitat, and codominates even in late-seral com-
munities. Natural fire regimes maintain spatial and temporal 
mosaics of herb-dominated to shrub-dominated patches 
in various stages of succession, and prevent conversion to 
conifer forests or woodlands.

Historically the presettlement fire return intervals for 
mountain big sagebrush were relatively short, (35–80 years) 
(Heyerdahl et al. 2006; Kitchen and McArthur 2007; Miller 
et al. 2001) compared to Wyoming big sagebrush (more than 
100 years) (Baker 2006; Lesica et al. 2007). On cooler, more 
mesic sites, fire-free intervals have increased to between 50 
and 150 years. The lack of fire, combined with the effects of 
livestock herbivory, has caused much of the increase in pin-
yon pines and juniper, with a consequent loss of herbaceous 
and shrub cover throughout much of the range of mountain 
big sagebrush (Crawford et al. 2004; Miller and Rose 1999).

Sensitivity to Climate Change: Moderate
Mountain big sagebrush shrublands have moderate 

sensitivity to climate change. Sensitivity to climate change 
varies with elevation, with lower-elevation stands more 
sensitive than those at higher elevations (Balzotti et al. 
2016). Mountain big sagebrush growth is dependent on tem-
perature, precipitation, and maximum snow depth (Poore 
et al. 2009). Winter precipitation has the strongest relation-
ship with growth (Poore et al. 2009). At higher elevations 
growth is positively correlated with temperature, but lower 
elevations may experience decreased growth with warming. 
Likewise, production in higher-elevation vegetation commu-
nities may increase in the future (Reeves et al. 2014). Given 
that increased temperatures and a reduction in snowpack are 
likely with climate change, mountain big sagebrush growth 
rates are likely to decrease at lower elevations but could be 
improved at temperature-limited sites toward the higher end 
of the species distribution, thus potentially having signifi-
cant and asymmetric effects on sagebrush cover.

Adaptive Capacity: Low to Moderate
Adaptive capacity of mountain big sagebrush shrublands 

is rated as low to moderate (table 7.2), depending on eleva-
tion and site conditions, land use history, fire suppression, 
and abundance of invasive species. A few areas of mountain 
big sagebrush shrublands have been converted to agricultur-
al lands, and most of those that remain are used for domestic 
livestock grazing because of the palatable herbaceous 
undergrowth. Those that have had chronic improper grazing 
typically have high sagebrush canopy cover and low vigor 
of native herbaceous species, and thus may have invasive 
plant species present in varying amounts. In intact mountain 

big sagebrush shrublands, species and functional type diver-
sity may confer resilience to climate change.

Mountain big sagebrush is easily killed by fire and does 
not resprout; postfire recovery is from seed that survives 
fire or disperses from unburned areas. Although recovery 
for mountain big sagebrush is often rapid (15–35 years) 
(Kitchen and McArthur 2007; Nelson et al. 2014), longer 
recovery times (50–150 years) are expected if residual 
seed are absent or if seedlings fail to establish from the 
short-lived seed bank (Baker 2006, 2011; Nelson et al. 
2014). Postfire recovery is currently problematic on warmer 
and drier sites and may become a problem on cooler and 
moister sites in the future if the frequency and intensity of 
fires increase as projected (Abatzoglou and Kolden 2013). 
Regeneration of big sagebrush postfire is strongly linked to 
winter and spring precipitation (Nelson et al. 2014), which 
is not projected to change significantly in the IAP region 
(Chapter 3).

With increased fire severity and frequency, there is likely 
to be a shift in community composition to dominance by 
fire-adapted shrub and herbaceous species and possibly 
nonnative species. Fire-adapted shrub species (e.g., rub-
ber rabbitbrush, yellow rabbitbrush, mountain snowberry, 
Wood’s rose, Saskatoon serviceberry, chokecherry) may 
increase in abundance following fire (Fischer and Clayton 
1983; Smith and Fischer 1997). In addition, more spring and 
winter precipitation and increased minimum temperatures 
may facilitate the establishment of nonnative annual grasses 
(particularly cheatgrass, which germinates in winter to early 
spring) or other invasive species, although this pattern is sel-
dom observed in the cooler, moister mountain big sagebrush 
communities with healthy herbaceous understories.

Overall, mountain big sagebrush shows higher adap-
tive capacity than Wyoming big sagebrush, but is likely 
to be stressed somewhat by drought as climate patterns 
change (Balzotti et al. 2016). Compositional shifts in 
herbaceous species are likely. Mountain big sagebrush may 
be able to persist on mesic sites (Chambers et al. 2013), 
but mountain big sagebrush communities may be subject 
to upslope pressure from woodland tree species (unless 
disturbance or disturbance surrogates are used to reset 
successional processes). Conifer expansion, especially 
by juniper and pine species, into sagebrush communities 
is especially pronounced in the Great Basin (Miller et al. 
2008). Interruptions to wildfire cycles and favorable cli-
matic periods, combined with other factors, have led to the 
proliferation of trees, often occurring in sagebrush sites that 
previously did not support trees. Consequently, land cover 
type has gradually shifted from shrubland to woodland 
across numerous sites (Miller et al. 2011). These transitions 
significantly reduce resilience to changing climates, as the 
increased abundance of trees negatively affects soil moisture 
available for perennial herbaceous species. Conversely, 
mountain big sagebrush could expand into drier persistent 
aspen stands, as these areas are likely to be negatively af-
fected by climate change (Chapter 6). This species is well 

Chapter 7: Effects of Climate Change on Nonforest Vegetation Types



176 USDA Forest Service RMRS-GTR-375.  2018

adapted to the soils on which these aspen stands occur, and 
this replacement is already occurring in some areas.

Subspecies of big sagebrush can hybridize or undergo 
polyploidization, offering greater genetic diversity and 
potentially providing the species with the capacity to 
undergo selection and adapt to shifting climatic regimes 
(Poore et al. 2009). Garrison et al. (2013) found that what 
has been called Bonneville big sagebrush (Garrison 2006; 
McArthur and Sanderson 1999; Rivera et al. 2011; Winward 
2004) has been shown to be a hybrid between mountain 
big sagebrush and Wyoming big sagebrush. This hybrid is 
found in southeastern Idaho and extreme northern Utah. 
Hybridization creates a greater level of uncertainty regard-
ing the future distribution of this subspecies, as well as all 
other species and varieties of sagebrush. The ability of the 
expected new hybrids to survive on changing habitats under 
future climates is poorly understood at this time. Bonneville 
big sagebrush has also been observed in southern Utah, 
where it occupies sites ecologically similar to Wyoming 
big sagebrush. Hybridization contributes to the evolution of 
sagebrush (McArthur and Sanderson 1999), which may at 
least maintain morphologically similar sagebrush communi-
ties in the future.

Vulnerability to Climate Change: Moderate to High
Vulnerability of mountain big sagebrush shrublands var-

ies from moderate to high because of the broad elevational 
range at which mountain big sagebrush occurs, and because 
of the wide range in current conditions of these shrubland 
communities (table 7.2). Factors contributing to the vulner-
ability of these communities include livestock grazing, 
expansion of pinyon-juniper shrublands, altered wildfire re-
gimes, and nonnative invasive species, including cheatgrass 
and seeded forage species.

Dry Big Sagebrush Shrublands
Vegetation Type Description and Distribution
Dry big sagebrush shrublands are those dominated by 

Wyoming big sagebrush, basin big sagebrush, Parish big 
sagebrush (A. t. ssp. parishii), or sand sagebrush (A. filifolia) 
for long periods of time under historical disturbance re-
gimes. Small amounts of threetip sagebrush may also occur 
in this vegetation type. The perennial herbaceous understory 
is less productive and less diverse in this vegetation type 
than in mountain big sagebrush-steppe and may be codomi-
nant or subdominant in intact communities.

Wyoming big sagebrush occurs throughout the IAP 
region in locations where winter or spring precipitation is 
sufficiently reliable to support spring growth; it is often 
found in areas receiving 8 to 16 inches of precipitation an-
nually (Welsh et al. 2008). It typically grows in the warm, 
dry conditions of valleys and foothills, generally below 
6,500 feet elevation (Welsh et al. 2008; Winward and 
Tisdale 1977), and often below National Forest boundaries. 
Soils on which Wyoming big sagebrush occurs are often 
underlain by an argillic, caliche, or silica layer (Miller et 

al. 2011). Basin big sagebrush also occurs throughout the 
region, but most of its habitat has been converted to agricul-
tural use and other development because it typically occurs 
in valley bottoms on highly productive soils. Surviving 
stands are common in the deep soils of canyon bottoms and 
other areas of soil aggradation. Sand sagebrush is limited 
in the IAP region to southern Utah and possibly the Spring 
Mountains of southern Nevada. Parish big sagebrush is 
found on the Bridgeport District of the Humboldt-Toiyabe 
National Forest (central Nevada). Small populations also 
occur in southern Utah (Shultz 2006).

Sensitivity to Climate Change: High
Climate change is projected to have significant effects 

on dry big sagebrush shrublands, and these ecosystems 
are highly sensitive to a changing climate (table 7.2). 
Projections suggest potential loss of more than one-third 
of the climatically suitable area of Wyoming sagebrush by 
2050 (Still and Richardson 2015). Amount and timing of 
precipitation control seeding establishment at low eleva-
tions because soil water content primarily controls seedling 
survival (Nelson et al. 2014; Poore et al. 2009; Schlaepfer et 
al. 2014). Conditions suitable for seedling establishment are 
infrequent under contemporary climatic conditions and are 
likely to become less frequent with climate change. Thus, 
these ecosystems remain vulnerable to drought, and sage-
brush establishment is likely to be more difficult as years 
with adequate snowfall become less frequent (Meyer and 
Warren 2015). Even after seedling establishment, drought 
and increased summer temperature can affect survival and 
growth of adult plants because growth is positively cor-
related with winter precipitation and winter snow depth 
(Poore et al. 2009). Hence, if drought events increase in 
frequency and severity in the future, big sagebrush biomass 
and the abundance and diversity of perennial grasses and 
forbs may decrease.

Adaptive Capacity: Low to Moderate
Adaptive capacity of dry big sagebrush ecosystems to 

climate change is low (table 7.2) because of the effects of 
historical grazing on the composition and structure of these 
warmer and drier sites, fragmentation with conversion to 
agricultural uses (Noss et al. 1995), and oil and gas develop-
ment, which is prominent in the IAP in the Uinta Basin of 
eastern Utah. Prior to Euro-American settlement in the West, 
much of the land occupied by Wyoming big sagebrush shru-
bland had understories dominated by spatially discontinuous 
perennial grasses. These communities carried fires only 
when humidity was low and winds were high, or after sev-
eral wet years when fine fuels could accumulate (Hull and 
Hull 1974; Mensing et al. 2006; Vale 1975). These fire-free 
intervals were relatively long in comparison to other more 
mesic sagebrush-dominated sites, often 100 to 200 years 
or more. Where perennial bunchgrasses and shrubs have 
been lost to improper livestock grazing and invasion by 
annual grasses, fire frequency has increased dramatically, to 
more than double that of sagebrush shrublands with intact, 
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native understory in the Great Basin (Balch et al. 2013). 
Observations of increased fire frequencies were reported as 
early as the early to mid–1900s after these annual grasses 
had invaded much of the Intermountain West (Pickford 
1932; Piemeisel 1951; Robertson and Kennedy1954).

Strong negative relationships exist between cover 
of cheatgrass and perennial native grasses and forbs in 
Wyoming big sagebrush shrublands (Anderson and Inouye 
2001; Chambers et al. 2014; West and Yorks 2002). 
Chambers et al. (2007) found that on relatively intact sites, 
native perennial herbaceous vegetation resprouted after 
fire, which then limited the growth and reproduction of 
cheatgrass. About 15 percent cover of perennial native 
herbaceous species is required to prevent an increase of 
medusahead or cheatgrass following fire or management 
treatments in these shrublands (Chambers et al. 2014; 
Davies et al. 2008).

The genetic variability within these species of sagebrush, 
how that variability is spread across the distribution of the 
species, and the relationship of this variability to climate 
change effects on the species are of critical importance 
(Chaney et al. 2017). Cytotypic variation, or individuals 
within a species that have different chromosomal factors 
(e.g., diploid versus tetraploid) than others within the same 
species, may be as important as subspecific variation in 
explaining adaptation and functional diversity within the big 
sagebrush complex (Brabec et al. 2016). 

Research has also shown that minimum temperatures 
play a bigger role in the probability of sagebrush survival 
than water-related responses (Brabec et al. 2016; Chaney 
et al. 2017). In common garden studies, Chaney et al. 
(2017) found greater survival from cytotypes collected from 
regions with greater seasonal differences in temperature 
and higher summer precipitation (interior regions of the 
continent) than those collected from regions with moderate 
winter temperatures and drier summers. They also found 
that Wyoming big sagebrush had a greater physiological 
avoidance and resistance to freezing than mountain big 
sagebrush. These differences may have been the result of a 
greater insulating effect of snow cover at higher elevations 
where mountain big sagebrush occurs, and the resulting 
differences in the need to adapt to cold temperatures by the 
more exposed Wyoming big sagebrush. The importance of 
integrating genetic diversity into our understanding of the 
adaptive capacity of all sagebrush species is becoming more 
evident as the research in this area begins to evaluate how 
these cover types will respond to climate change.

Vulnerability to Climate Change: Very High
Dry big sagebrush shrublands have a very high vulner-

ability to climate change because of high sensitivity and 
low adaptive capacity (table 7.2). Evidence of this is found 
in the loss of this type across large areas of southern Utah 
in response to the 2002–2003 drought. Dry big sagebrush 
shrublands occupying lower elevations of the Great Basin 
are expected to be some of the most vulnerable to climate 
change. Western Wyoming, eastern Idaho, and higher 

elevations in the Great Basin are predicted to retain or gain 
climatically suitable areas for the most abundant component 
of dry big sagebrush shrublands, Wyoming big sagebrush 
(Still and Richardson 2015). Although suitable Wyoming 
big sagebrush habitat is projected to expand in some areas 
within and beyond the IAP region, its overall distribution 
is projected to decrease by at least 39 percent (Still and 
Richardson 2015). The distances between current and pro-
jected future habitats capable of supporting Wyoming big 
sagebrush often exceed the estimated migration rate of 6 to 
19 miles per century (McLachlan et al. 2005; Yansa 2006). 
Thus, this species may lose significantly more habitat to 
climate change than it can gain (Still and Richardson 2015) 
without active assistance.

Sprouting Sagebrush Shrublands
Vegetation Type Description and Distribution
Sprouting sagebrush shrublands include communities 

dominated by mountain silver sagebrush, snowfield sage-
brush, threetip sagebrush, or timberline sagebrush. These 
species are all capable of sprouting from the root crown 
following fire or other form of top kill, and because of their 
ability to sprout, a postdisturbance stage dominated by 
grasses and forbs is short lived.

Mountain silver sagebrush occurs through most of the 
IAP region (fig. 7.5), commonly on heavy soils in riparian 
terraces and in areas with high snowpack in mountainous 
areas (McArthur 2000). In the Sierra Nevada, similar sites 
are occupied by Bolander silver sagebrush (A. cana ssp. 
bolanderi) (Shultz 2006). In some areas around the Greater 
Yellowstone Area, silver sagebrush has replaced lodgepole 
pine (Jakubos and Romme 1993).

There is some disagreement on the distribution of 
threetip sagebrush in the literature. Shultz (2006) describes 
this variety as occurring in portions of Idaho, Nevada, and 
Wyoming, whereas Winward (2004) includes northern Utah 
in the distribution of this variety. Much of its habitat has 
been converted to agriculture because of the productive 
soils on which it occurs. Remaining populations are isolated 
throughout its presettlement distribution (Shultz 2006).

Timberline sagebrush is a California endemic and is 
uncommon in the IAP region (fig. 7.5). It occurs in deep 
soils along forest margins of the Sierra Nevada in California 
and Nevada (McArthur 2000), and collections on or near the 
Bridgeport District in Humboldt-Toiyabe National Forest 
appear to generally be above 10,000 feet elevation (Jepson 
Flora Project 2016). Because it is rare in the region, we did 
not include it in this assessment.

Snowfield sagebrush occurs at high elevations in the 
IAP region throughout northern and central Utah, western 
Wyoming, central and southeastern Idaho, and the eastern 
Sierras. It typically occurs at higher elevations than, or as 
inclusions within, mountain big sagebrush shrublands in 
areas where snow depth and subsequent soil moisture are 
higher. However, it is included here because of its ability to 
sprout in response to fire.
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Sensitivity to Climate Change: Moderate
Warmer and drier climates will negatively affect the vigor 

and abundance of sprouting sagebrush species, which are 
adapted to more mesic conditions. Although these species 
can sprout following disturbance, they also reproduce by 
seed. Like other sagebrush species, however, seed viability is 
short for many species, including silver sagebrush (Romo and 
Young 2002). Seed viability is likely to be negatively affected 
by increased temperatures, prolonged droughts, and irregular 
precipitation patterns. For these reasons, the sensitivity of 
sprouting sagebrush shrublands is rated as moderate (table 7.2).

Adaptive Capacity: Moderate
All three subspecies of sagebrush in these communities 

sprout after fire. In addition, silver sagebrush spreads by 
underground rhizomes (Schultz and McAdoo 2002) and 
therefore can recover more quickly than other species of 
sagebrush following disturbance. These factors, when com-
bined with the more mesic habitat conditions, led to a rating 
of moderate adaptive capacity (Balch et al. 2013) (table 7.2).

Vulnerability to Climate Change: Moderate
Sprouting sagebrush shrublands have been given a mod-

erate climate change vulnerability rating because of their 

moderate sensitivity and adaptive capacity to climate change 
(Balch et al. 2013) (table 7.2). Although the sagebrush spe-
cies in this type can sprout, their higher dependence on soil 
moisture than other sagebrush shrublands makes them vul-
nerable to increasing temperatures and drought. In addition, 
increased fire frequency and severity (particularly in threetip 
sagebrush communities) may cause a shift in community 
composition to dominance by fire-adapted herbaceous or 
nonnative species. Other fire-adapted shrub species (e.g., 
rubber and yellow rabbitbrush) may increase, particularly 
following fire. Nonnative invasive species respond favorably 
after fire, and if present, may increase in cover and density. 
Understory composition in both silver and threetip sagebrush 
communities may possibly shift to more xeric grassland spe-
cies (e.g., bluebunch wheatgrass [Pseudoroegneria spicata], 
needle-and-thread [Hesperostipa comata]), which are better 
adapted to warmer and drier conditions. Sprouting sagebrush 
species may shift landscape position to sites with more mois-
ture and cooler temperatures (e.g., higher-elevation, lower 
landscape position, and northeast aspects).

Dwarf Sagebrush Shrublands
Vegetation Type Description and Distribution
Dwarf sagebrush shrublands are those communities 

dominated by low sagebrush (including the subspecies low 
sagebrush [A. a. ssp. arbuscula], alkali sagebrush [A. a. ssp. 
longiloba], cleftleaf low sagebrush [A. a. ssp. thermopola], 
and Lahontan sagebrush [A. a. ssp. longicaulis]), black 
sagebrush, Bigelow sagebrush, Owyhee sagebrush, scabland 
sagebrush, or pygmy sagebrush. These dwarf sagebrush 
shrublands occur across a broad elevational range, often on 
sites with shallow or rocky soils, or on soils with high clay 
content. The abundance and diversity of perennial grasses 
and forbs vary but are generally similar to or less than those 
associated with dry big sagebrush shrubland communities. 
Fires were rare historically because fine fuels are typically 
low, but when fires occur, the grass-forb stage can persist for 
long periods of time on harsh sites or where erosion occurs 
after fire (Young 1983). Pinyon and juniper may invade on 
the more mesic sites in the absence of disturbance. Some 
sites are susceptible to invasion by introduced annual grass-
es, and where this occurs, fire frequency often increases.

Dwarf sagebrush species occur throughout the IAP 
region (fig. 7.6). Black sagebrush and one or more varieties 
of low sagebrush are found throughout most of the region. 
Bigelow sagebrush occurs in the southern portions of Utah 
and Nevada. Scabland and Owyhee sagebrush are limited 
to the western and southern portions of Idaho, and north-
eastern Nevada. Lahontan sagebrush is generally restricted 
to northwestern Nevada and adjacent areas in California 
and Oregon. Pygmy sagebrush is uncommon but is locally 
abundant in east-central and eastern Nevada, western Utah, 
and the Uinta Basin of northeastern Utah (Ulev 2005).

Low, Bigelow, and black sagebrush occur across a broad 
geographic and elevational range. Black sagebrush gener-
ally occurs between 4,600 and 8,500 feet elevation in the 

Figure 7.5—Distribution of silver sagebrush, timberline 
sagebrush, and threetip sagebrush in the western United 
States (from Mahalovich and McArthur [2004]). 
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Intermountain West, and up to 11,000 feet in Nevada (Fryer 
2009). Low sagebrush ranges from 2,300 feet to over 11,000 
feet in Nevada (Steinberg 2002), but tends to occur primar-
ily above 8,000 feet in a band across central Nevada, from 
Ely to Bridgeport. Bigelow sagebrush ranges in elevation 
between 3,000 and 7,000 feet in Nevada and Utah (Howard 
2003). Scabland and pygmy sagebrush have a narrower 
distribution, but elevational range for pygmy sagebrush 
is 5,000 to 11,000 feet in Nevada (Ulev 2005). Pygmy, 
Bigelow, scabland, and alkali sagebrush grow in edaphi-
cally limited habitats, and all other dwarf sagebrush species 
generally occur on shallow or rocky soils, making them 
more resistant to cheatgrass dominance, and therefore more 
resistant to the large or severe fires to which other sagebrush 
shrublands have been subjected.

Sensitivity to Climate Change: Moderate to High
All low-growing sagebrush species are likely to be 

negatively affected by higher temperatures and increased 
periods of drought. As with all sagebrush species, seed 
viability of dwarf sagebrush species is short and their depen-
dence on spring soil moisture will make them susceptible 
to prolonged droughts and to changes in climate that may 
otherwise affect the timing and amount of spring moisture. 
Increases in fire, coupled with drought, could inhibit regen-
eration of the dwarf sagebrush species, particularly on harsh 
sites (Young 1983).

Adaptive Capacity: Moderate to High
Dwarf sagebrush shrublands are likely to have a 

moderate to relatively high adaptive capacity to climate 
change (table 7.2). Species in these shrublands have 
broad distributions and occur over a wide elevational 
range in the IAP region. Adaptive capacity may be 
moderated, however, because of the relatively low pro-
ductivity characterizing these species, especially where 
other risk factors (e.g., nonnative annual grasses) are 
present. Sites dominated by scabland sagebrush occur 
over a narrower range in elevation (McWilliams 2003), 
and thus it may be more susceptible to the effects of 
climate change because alternative suitable sites may not 
be available.

None of the dwarf sagebrush species can sprout 
following fire, with the possible exception of hybrids 
between black and silver sagebrush; sprouting is thought 
to be a heritable trait in crosses between nonsprout-
ing and sprouting sagebrush species (McArthur 1994). 
Hybridization may play a role in increasing adaptive 
capacity of other dwarf sagebrush species to the effects 
of climate change. In central Nevada, black sagebrush 
commonly forms hybrids at all elevations. Lahontan 
sagebrush is a putative stable hybrid between low 
sagebrush and Wyoming big sagebrush (McArthur and 
Sanderson 1999).

a) b)

Figure 7.6—Distribution of low sagebrush species in the western United States: (a) low, Bigelow, and Lahontan sagebrush; and 
(b) fringed, black, pygmy, and Owyhee sagebrush (from Mahalovich and McArthur [2004]).

Chapter 7: Effects of Climate Change on Nonforest Vegetation Types



180 USDA Forest Service RMRS-GTR-375.  2018

Vulnerability to Climate Change: Moderate
Dwarf sagebrush shrublands are rated as moderately vul-

nerable because sensitivity and adaptive capacity are rated 
as moderate to high (table 7.2). Climate change is likely 
to result in shifts in the distribution of conditions suitable 
to support the dwarf sagebrush species in the region. All 
dwarf sagebrush species are intolerant of fire, and most do 
not sprout following fire. Because of the low productivity of 
these sites, however, cheatgrass may not be able to establish 
on harsh sites (Chambers et al. 2013). Thus, these ecosys-
tems may be more likely to resist a significant change in 
fire regimes. However, these sites will be exposed to higher 
temperatures and more erratic precipitation patterns, reduc-
ing the ability of seedlings to establish during unfavorable 
years.

Mountain Shrublands
Vegetation Type Description and Distribution
Mountain shrublands are typically associated with 

mountain big sagebrush shrublands, oak-maple woodlands, 
and pinyon-juniper woodlands, as well as montane and 
subalpine forests. They can occur as large patches within 
wooded and forested landscapes. Combinations of species 
such as chokecherry, serviceberry (Amelanchier alnifolia), 
snowberry, currant (Ribes spp.), rose (Rosa spp.), maple 
(Acer spp.), sumac (Rhus spp.), ceanothus (Ceanothus 
spp.), Scouler willow (Salix scouleriana), elderberry 
(Sambucus spp.), thimbleberry (Rubus parviflorus), 
alderleaf mountain mahogany (Cercocarpus monta-
nus), bitterbrush (Purshia tridentata), wild crab apple 
(Peraphyllum ramosissimum), and mountain ash (Sorbus 
scopulina) are common. Mountain big sagebrush is also 
common as a subdominant element. Species dominating 
the overstory of these shrublands are typically adapted to a 
wide range of elevations (table 7.4). In addition to the wide 
variety of shrub species, there is an even greater diversity 
of associated perennial herbaceous species that occur in 
the understory.

Sensitivity to Climate Change: Low to Moderate
High species diversity, coupled with the broad eleva-

tional range over which these communities occur, is likely 
to result in relatively low sensitivity of mountain shrublands 
to climate change (table 7.2). Though not directly related 
to the IAP region, studies in Alberta, Canada, found little 
change in the spring flowering response of either service-
berry or chokecherry between 1936 and 2006 (Beaubien 
and Hamann 2011). However, declining snowpacks, more 
frequent and severe droughts, and warmer temperatures may 
cause hotter fires and, at the same time, sites may become 
drier, causing variable amounts of mortality, depending on 
site conditions.

Adaptive Capacity: Moderate to High
Montane shrublands were historically maintained by 

relatively frequent fire (approximately every 30 years or 
less) (Smith and Fischer 1997), and most montane shrubs 
sprout following fires. Stressors to these shrublands include 
fire exclusion and resulting conifer encroachment, browsing 
by both native wildlife and domestic livestock, and insects 
and disease. As noted earlier, the diversity of species in 
these communities is often very high. However, there is the 
potential that more frequent and severe fires will decrease 
resilience. Loss of topsoil and creation of hydrophobic 
(water-repellent) soils after frequent, hot fires, can lead to 
loss of species over time (DeBano 1981; Wellner 1970). As 
sites become drier, there may be a shift away from mesic 
species to more xeric and fire-adapted shrubs, such as rubber 
rabbitbrush, yellow rabbitbrush, bitterbrush, and mountain 
big sagebrush.

Vulnerability to Climate Change: Low to Moderate
Of all the ecosystems in the IAP region, montane shrub-

lands appear to have the lowest vulnerability to climate 
change (table 7.2) because of high species diversity, high 
sprouter diversity, wide range in elevation, and broad distri-
bution of dominant overstory species. Even with increasing 
temperatures and uncertain precipitation, species of the 

Table 7.4—Elevation ranges of species that dominate or codominate the overstory of mountain shrublands in the 
IAP region.  

Species Elevation Source

Feet

Saskatoon serviceberry (Amelanchier alnifolia)     4,000-9,500 Welsh et al. (2008)

Utah serviceberry (Amelanchier utahensis)     3,000-9,000 Welsh et al. (2008)

Birchleaf mountain-mahogany (Cercocarpus montanus)     3,900-9,800 Cronquist et al. (1997)

Chokecherry (Prunus virginiana)       3,100-10,170 Johnson (2000)

Skunkbush sumac (Rhus trilobata)     2,900-7,700 Pendleton et al. (1989)

Thimbleberry (Rubus	parviflorus)     4,700-9,000 Gucker (2012)

Scouler willow (Salix scouleriana) Sea level-10,000 Anderson (2001)

Mountain snowberry (Symphoricarpos oreophilus)       4,000-10,000 Aleksoff (1999)
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montane shrublands are probably the most capable of ex-
panding into niches at higher elevations and onto adjacent, 
more mesic portions of the landscapes in which they occur.

Blackbrush Shrublands
Vegetation Type Description and Distribution
Blackbrush shrublands are very limited on National 

Forest lands in the IAP region, occurring at the lowest 
elevations on the southern edge of the region in the Spring 
Mountains National Recreation Area in Humboldt-Toiyabe 
National Forest and on the Moab District in Manti-La Sal 
National Forest. Distinct ecotypes of blackbrush (Coleogyne 
ramosissima) occur in the region: one entering the Great 
Basin and Semi Desert subregion from the adjacent Mojave 
Desert to the south, and the other in the Plateaus subregion 
(Richardson and Meyer 2012; Richardson et al. 2014). 
Communities are dominated by blackbrush with jointfir 
(Ephedra spp.), burrobush (Ambrosia dumosa), hedgehog 
cactus (Echinocereus spp.), spiny menodora (Menodora 
spinosa), various goldenbush species (Ericameria spp.), 
prickly pear (Opuntia spp.), Apache plume (Fallugia 
paradoxa), and others sometimes present as subdominants. 
Historically, interspaces in these communities were prob-
ably mostly bare, even during years of higher precipitation, 
because of competition from blackbrush (Brooks et al. 
2007). Perennial grasses and seral shrubs probably occurred 
sporadically in areas where blackbrush cover was low 
(Brooks et al. 2007).

Sensitivity to Climate Change: Low to Moderate
As a long-lived, stress-tolerant shrub, blackbrush has 

relatively low sensitivity to the direct effects of climate vari-
ability in the absence of disturbance (Kitchen et al. 2015). It 
sheds its microphyllous leaves in response to drought stress, 
is well adapted to high temperatures (Munson et al. 2011; 
Summers et al. 2009), and occurs on shallow soils with a 
rooting system that allows it to capture soil water opportu-
nistically (Schwinning et al. 2005, 2008).

Adaptive Capacity: Low
There is a high level of genetic differentiation between 

populations of blackbrush that occur in the Mojave Desert 
(those of the Spring Mountains in southern Nevada) and 
those of the Colorado Plateau (Dixie and Manti-La Sal 
National Forests), which has implications for population 
persistence and migration in response to climate change 
(Richardson and Meyer 2012; Richardson et al. 2014). 
Pendleton et al. (2015) found records that indicate black-
brush has the ability to migrate in response to changes in 
climate, but that the rate at which climate change is expect-
ed to occur may preclude natural migration because of its 
episodic recruitment. In addition, blackbrush communities 
have little resistance to invasive plant species and very low 
resilience to the fires accompanying the increase in invasive 
annual grasses. Large areas of blackbrush in the Mojave 
Desert, where red brome (Bromus rubens) has increased 

significantly, have burned in the past decade (Pendleton et 
al. 2015). Blackbrush does not sprout after fire, and the spe-
cies is not regenerating in these burned areas (Pendleton et 
al. 2015).

Vulnerability to Climate Change: Moderate to High
Despite the low sensitivity of blackbrush to the direct 

effects of climate change, vulnerability is rated as moderate 
to high (table 7.2) because of its lack of resistance to inva-
sion by exotic species and its inability to resprout following 
fire. With increased area burned under changing climate 
(Abatzoglou and Kolden 2013), a loss of dominance by 
blackbrush is likely to occur, dominance by invasive an-
nual grasses will increase, and a subsequent increase in fire 
frequency and size may occur with increased horizontal fuel 
continuity.

With climate change, there may be some expansion of 
blackbrush communities onto adjacent sites that are current-
ly higher in elevation or on sites that have somewhat higher 
available soil moisture. This expansion is more probable in 
the Plateaus subregion, where invasive species have had less 
impact on fire and existing blackbrush communities, and 
where some evidence exists for contemporary blackbrush 
migration (Kay 2015). Expansion is much less likely on 
National Forest lands close to the Mojave Desert, where 
replacement of blackbrush by invasive species is already 
resulting in net loss of the blackbrush vegetation type.

Salt Desert Shrublands
Vegetation Type Description and Distribution
North American salt desert shrublands are dominated by 

a mixture of drought- and salt-tolerant (halophytic) shrub, 
sub-shrub, and herbaceous species and occupy landscapes 
too dry or too salty to support sagebrush. Salt desert shrub-
lands are a minor component on National Forest lands in 
the IAP region, occurring primarily in the Utah and Nevada 
portions of the region (fig. 7.7), where their distribution 
on National Forest lands is limited to lower elevations. 
However, this type is extensive on adjacent lands managed 
by the Bureau of Land Management in Nevada and Utah as 
well as outside the region in southeastern Wyoming.

Salt desert shrublands are dominated primarily by species 
belonging to the Chenopod plant family, such as greasewood 
(Sarcobatus spp.), fourwing saltbush (Atriplex canescens), 
shadscale (A. confertifolia), Gardner saltbush (A. gardneri) 
and close relatives, mat saltbush (A. corrugata), winterfat 
(Krascheninnikovia lanata), gray molly (Bassia americana), 
spiny hopsage (Grayia spinosa), iodine bush (Allenrolfea 
occidentalis), and seepweed (Sueda spp.), along with a va-
riety of other shrub species (Blaisdell and Holmgren 1984). 
Perennial grasses are often codominant, with the relative im-
portance of warm and cool-season species dependent on the 
reliability of seasonal moisture for the sites. Common warm 
season grasses can occur in areas with warm, wet summers, 
which occur where salt desert shrublands are found in 
the extreme southern portions of the region. Cool-season 
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grasses can occur elsewhere in the region, where spring is 
typically cooler and wetter (Paruelo and Lauenroth 1996). 
In the southern salt desert shrublands, warm season grasses 
include galleta grass (Pleuraphis jamesii), blue grama 
(Bouteloua gracilis), alkali sacaton (Sporobolus airoides), 
sand dropseed (Sporobolus cryptandrus), and saltgrass 
(Distichlis spicata). Common cool-season grasses include 
Indian ricegrass (Achnatherum hymenoides), squirreltail 
(Elymus elymoides), Salina wildrye (Leymus salinus), 
needle-and-thread grass (Hesperostipa comata), and purple 
three-awn (Aristida purpurea). A diverse mixture of native 
forbs responds opportunistically to variability in the timing 
and amount of precipitation and support a rich diversity of 
desert pollinators. Total plant cover in these communities is 
typically 20 percent or less, and height of shrubs is usually 
less than 1.5 feet (West 1983).

Cheatgrass establishment in dry salt desert communities 
is limited by low and sporadic precipitation (Meyer et al. 
2001), but has been observed to be increasing. With increas-
ing cheatgrass comes the potential for impacts from fire, 
which was not historically a significant disturbance factor 
(West 1994).

Sensitivity to Climate Change: Moderate
Many of the species associated with salt desert shrub-

lands have wide ecological distributions and are tolerant 
of a wide range of climatic conditions. Species typically 

combine various morphological and physiological at-
tributes (such as small, heavily protected leaves, high 
root-to-shoot ratios) that enable them to tolerate stress with 
others (such as seed and shoot dormancy) that facilitate 
stress avoidance. The effects of climate change on these 
plant communities will include both positive and negative 
shifts for individual species. However, the plant com-
munities are likely to be relatively insensitive to the direct 
effects of climate change.

Adaptive Capacity: Low to Moderate
Many of the species that characterize salt desert eco-

systems are fire intolerant (Chambers et al. 2013; Meyer 
et al. 2001). With the introduction of nonnative annual 
grasses, an increase in fine fuels may allow for increased 
area burned (West 1994), which would likely decrease 
the abundance of many characteristic species in this type. 
Disturbed salt desert shrublands are particularly suscep-
tible to invasion by nonnative halophytic species such as 
halogeton (Halogeton glomeratus) and Russian thistle 
(Salsola spp.). Halogeton is a succulent summer annual 
that quickly spreads and establishes in disturbed areas 
(such as roadways and livestock watering areas) within 
intact perennial communities. It is a prolific seed producer, 
and seeds may remain in the soil seed bank for 10 years 
or more (Cronin and Williams 1966). Once established, 
halogeton prevents natural regeneration of native shrubs, 
such as winterfat (Eckert 1954; Harper et al. 1996; Kitchen 
and Jorgensen 1999) and Gardner saltbush (Goodrich and 
Zobell 2011). Today, halogeton stands are frequently found 
adjacent to remnant winterfat communities throughout the 
Great Basin (Kitchen and Jorgensen 2001).

Vulnerability to Climate Change: Moderate to High
With moderate sensitivity and low to moderate adap-

tive capacity, salt desert shrublands have moderate to high 
vulnerability to climate change (table 7.2). Risks of direct 
and indirect (i.e., fire) effects of introduced species render 
the vulnerability of this vegetation type relatively high to the 
combination of future impacts. Climate change is expected 
to result in more extreme precipitation events (West 1994). 
The combination of wet years and the fertilization effects 
of increased atmospheric carbon dioxide may result in an 
increase in annual grasses, which will in turn be more likely 
to fuel wildfire (Bradley et al. 2016; Salo 2005; Smith et al. 
1987). Most of the dominant woody species in salt desert 
shrublands are poorly adapted to fire, and they will be vul-
nerable to increases in fire frequency.

Alpine Forblands and Grasslands
Alpine forblands and grasslands include communities 

dominated by either a variety of broadleaf forb species or 
by grasses, as well as the wide variety of species that occur 
in alpine ecosystems. Edaphic and climatic factors in these 
communities inhibit the establishment or significant growth 
of woody species.

Figure 7.7—Distribution of salt desert shrublands in the 
western United States (derived from West [1983]).
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Alpine Communities
Vegetation Type Description and Distribution
Alpine ecosystems occur at the highest elevations above 

treeline in the IAP region, at elevations generally above 
8,000 feet in the northern portions to over 11,000 feet in 
the south. Although relatively small in area, they have 
high aesthetic value and high visitor and recreational use. 
They are possibly the ecosystems in the IAP region that are 
most at risk from the effects of climate change because of 
their shrinking habitat. These high-elevation locations are 
characterized by a very short growing season. Alpine plant 
communities are diverse and complex across the IAP region 
(Hayward 1952) and can include a variety of growth forms, 
including upland krummholz, shrubland, grassland, and 
herbaceous communities, herbaceous wetlands, and sparsely 
vegetated bedrock and scree communities (NatureServe 
2013). These diverse types have been combined here 
because of the relatively small area they cover within the 
region, and because they are expected to have similar (nega-
tive) responses to climate change.

Sensitivity to Climate Change: High
The length and depth of snow cover, which are strongly 

correlated with mean temperature and precipitation, are 
key factors controlling alpine ecosystems (Beniston 2003). 
Snow cover provides frost protection for alpine plants in 
the winter, as well as the water supply in spring. Reduced 
snowpack with warming is likely to cause major changes 
in alpine plant communities (Gottfried et al. 2012). Alpine 
plants may be at greater risk from competition from plant 
species that are adapted to warmer temperatures and 
longer growing seasons. Research from the European Alps 
showed a significant increase in species richness in alpine 
ecosystems with the invasion of plants from lower altitudes 
(Pauli et al. 2003). It will be essential to account for new 
competitive interactions among species to better predict the 
responses of individual alpine species and entire communi-
ties to climate change (Alexander et al. 2015).

Adaptive Capacity: Low
The adaptive capacity of plant species in alpine eco-

systems to climate change is likely to be low (table 7.2) 
because they have limited geographic space into which they 
can expand, and they are isolated communities (Alo and 
Wang 2008). In addition, the physiological traits that allow 
their persistence in alpine climates also reduce their ability 
to adapt to changing climates. The fate of individual species 
in a changing climate is likely to depend on their individual 
ecophysiological responses to the direct effects of increased 
temperatures and carbon dioxide levels, as well as the indi-
rect effects of rising temperatures, such as the length of the 
snow-free period (Pauli et al. 2003).

The introduction of mountain goats (Oreamnos ameri-
canus), a nonnative species, to nearly every mountain range 
in Utah with alpine vegetation and the Ruby Mountains 
in Nevada has the potential to impact existing native 

vegetation, introduce noxious and invasive weeds, and result 
in a significant reduction of ground cover. As a result, there 
is potential for loss of native plants from trampling and 
subsequent soil erosion, further decreasing the capacity of 
alpine plant communities to adapt to climate change.

Vulnerability to Climate Change: Very High
The composition and distribution of alpine ecosystems 

will be affected by decreasing snowpack. For high-elevation 
vegetation, climate change may affect seed germination and 
survival by modifying moisture availability and therefore re-
sult in reduced plant success. Specific effects will depend on 
vulnerability thresholds of the characteristic species and the 
rate and magnitude of changes over time (Beniston 2003). In 
addition, climate change could lead to a mismatch between 
plant flowering and pollinator emergence (Parmesan 2006), 
which could adversely affect both plants and pollinators.

Alpine communities often have a relatively high number 
of endemic species because they are isolated (Beniston 
2003), meaning that highly endemic alpine biota will have a 
disproportionately high risk of extinction (Parry et al. 2007). 
Local extinctions of otherwise widespread alpine species 
such as arctic gentian (Gentianodes algida) and alpine 
chaenactis (Chaenactis douglasii var. alpina) have already 
occurred in portions of Idaho because of habitat loss and 
fragmentation (USEPA 1998). Warming temperatures and 
longer growing seasons are likely to allow more competitive 
shrubs, trees, and herbs to expand upslope from adjacent 
ecosystems and potentially outcompete existing alpine veg-
etation (Alexander et al. 2015).

Mountain Grasslands
Vegetation Type Description and Distribution
Grasslands are areas where grasses and grass-like spe-

cies dominate and trees and shrubs have no more than a 
minor presence. Forbs are typically present, although forb 
abundance and diversity vary, and forbs are subdominant to 
grasses. Grasslands that occur on the mid- to high-elevation 
landscapes are composed primarily of perennial cool-season 
bunchgrasses. Typical species for higher elevations include 
slender wheatgrass (Elymus trachycaulus), mountain brome 
(Bromus carinatus), needlegrasses (Achnatherum spp.), and 
blue grasses (Poa). Dominant species at middle elevations 
may include bluebunch wheatgrass, Idaho fescue (Festuca 
idahoensis), and Hood sedge (Carex hoodii). On many sites 
that have transitional winter- and summer-dominant weather 
patterns, a mixture of cool and warm season grasses can 
coexist.

Boulder Top Mountain on the Aquarius Plateau in 
Dixie National Forest has broad landscapes dominated by 
a low-growing fescue that was historically included in the 
sheep fescue (Festuca ovina) complex. Welsh et al. (2008) 
note that there are native forms of Festuca ovina, whereas 
another database (NRCS 2017) indicates that this species is 
entirely introduced. The ecosystems on the Aquarius Plateau 
appear to be native grasslands and are treated as such here. 
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These apparent native grassland communities occur on one 
of the largest contiguous flat-top landscapes above 11,000 
feet elevation in the IAP region. Youngblood (1980) also 
recognized grassland communities on the Bridger-Teton 
National Forest dominated by spike fescue (Leucopoa 
kingii), bluebunch wheatgrass, and Idaho fescue. This im-
portant cover type is very limited in distribution in the IAP 
region.

Sensitivity to Climate Change: Moderate
Determining the sensitivity of grasslands to climate 

change is complex. As noted earlier, cool-season grasses oc-
cur in areas with cool, wet springs, which occur throughout 
most of the IAP region. Warm season grasses occur in areas 
with warm, wet summers, which occur at lower elevations 
in the southern portion of the IAP region (Paruelo and 
Lauenroth 1996). Some studies, based solely on projected 
increases in temperature, suggest that grasslands dominated 
by cool-season grasses may decline and that grasslands 
dominated by warm season grasses could, at the same time, 
expand into those environments. To further complicate this 
assessment, the increased atmospheric carbon dioxide favors 
cool-season grasses and enhances biomass production. 
However, warming favors warm season grasses because of 
increased water-use efficiency (Morgan et al. 2004, 2007). 
For these reasons, we cautiously rank sensitivity of these 
ecosystems as moderate (table 7.2).

Adaptive Capacity: Low to Moderate
The adaptive capacity of these grassland communities 

is rated as low to moderate because of historical impacts, 
and inherent adaptive capacity of species dominating these 
sites (table 7.2). Many low-elevation grasslands have been 
converted to agricultural use. Those grasslands that remain, 
particularly at lower elevations, are often highly disturbed, 
fragmented, and frequently occupied by many nonnative 
invasive plant species (Finch 2012). More frequent or severe 
fire associated with climate change may encourage further 
expansion of invasive species in grasslands, especially at 
lower elevations where adjacent landscapes are dominated 
by annual grasses (Bradley et al. 2016).

Vulnerability to Climate Change: Moderate to High
With moderate climate sensitivity and low to moderate 

resilience, these cool-season grass-dominated communi-
ties are rated as having a moderate to high vulnerability to 
climate change (table 7.2). Although some studies suggest 
that cool-season grasses will respond positively to increased 
carbon dioxide levels, other models show that these same 
species will decline because of increasing temperatures. 
Warm season grasses have been shown to be favored by 
increased temperatures alone because of increased water-use 
efficiency (Morgan et al. 2004, 2007); thus, they may have 
a competitive advantage over cool-season grasses and could 
expand into the region from warmer and drier climates to 
the south. Increasing fire would also encourage more inva-
sive species in grasslands (Bradley 2009; D’Antonio and 

Vitousek 1992), converting many warmer and drier systems 
to invasive annual grasslands.

Subalpine Forb Communities
Vegetation Type Description and Distribution
Subalpine forb communities are upland communities 

dominated by non-grass herbaceous species, commonly 
called forbs (Ellison 1954; Shiflet 1994). Grasses are typi-
cally present but are subdominant (Shiflet 1994). If present, 
trees and shrubs constitute only a minor element of these 
communities (Ellison 1954). Subalpine forb communities 
occur at moderate to high elevations (7,000–11,000 feet) 
where forb growth and reproduction are favored by topo-
graphic, edaphic, and climatic conditions (Shiflet 1994). 
Mean annual precipitation is 25 to 40 inches. These com-
munities can be found in various patch sizes, from small 
subalpine meadows to a dominant vegetation type covering 
miles of ridgetops and gentle slopes. They are most exten-
sive in areas where midsummer thunderstorms of late July 
to mid-August coincide with the prime flowering season in 
the subalpine zone. Subalpine forb communities merge into 
mountain sagebrush-steppe, subalpine conifer forest, and 
aspen forest ecosystems and share numerous species with 
each (Ellison 1954).

Subalpine forb communities are limited in the IAP region 
(fig. 7.8). Subalpine forb communities are especially prominent 
on the Wasatch Plateau in central Utah (Ellison 1954), in the 
Teton Range of the Idaho-Wyoming border, and in the Wind 

Figure 7.8—Distribution of tall subalpine forb communities (in 
orange) in the Intermountain Adaptation Partnership region. 
Forested area is shown in green (from U.S. Forest Service, 
http://www.fs.fed.us/wildflowers/beauty/Tall_Forb/what.
shtml).

Chapter 7: Effects of Climate Change on Nonforest Vegetation Types



USDA Forest Service RMRS-GTR-375.  2018 185

River Range of western Wyoming (Gregory 1982). These 
communities have also been found in the Jarbidge Mountains 
and Ruby Mountains of northern Nevada (Lewis 1971, 1975; 
Loope 1970) and in small amounts elsewhere in the region.

Subalpine forb communities are characterized by high 
vascular plant species diversity. For example, 54 forb genera 
(65 native, mostly perennial species) representing 22 fami-
lies are found on 30 acres of the Elk Knoll Research Natural 
Area administered by the Manti-La Sal National Forest 
(unpublished records on file at the USFS, Shrub Sciences 
Laboratory, Provo, Utah). In addition to forbs, 11 grass and 
11 shrub species are found at subdominant to incidental 
levels.

Subalpine forb communities include species assemblages 
classified as tall forb, which are typically associated with 
deep soils (fig. 7.9a) (Shiflet 1994), as well as assemblages 
of short forbs that occur on well-drained, typically shal-
low and rocky soils (fig. 7.9b). In addition, there are a 
variety of mixed and intermediate phases that combine 
elements of each. Common tall forb species include false 
hellebore (Veratrum californicum), false springpars-
ley (Pseudocymopterus montanus), western sweetroot 
(Osmorhiza occidentalis), licorice root (Ligusticum filici-
num), biscuit root (Lomatium spp.), valerian (Valeriana 
spp.), one-flower helianthella (Helianthella uniflora), showy 
goldeneye (Viguiera multiflora), geraniums (Geranium 
spp.), peavine (Lathryus spp.), lupines (Lupinus spp.), 
American vetch (Vicia americana), elk weed (Fraseria 
speciosa), larkspur (Delphinium xoccidentale), columbine 
(Aquilegia spp.), jacobsladder (Polemonium foliosissimum), 

bluebells (Mertensia spp.), asters (Symphiotrichum spp.), 
and paintbrushes (Castilleja spp.), among many oth-
ers. Common shorter forbs include various buckwheats 
(Eriogonum spp.), yarrow (Achillea millifolium), agoseris 
(Agoseris spp.), scarlet gilia (Ipomopsis aggregata), bee-
balm (Mondardella spp.), cinquefoil (Potentilla spp.), 
penstemons (Penstemon spp.), groundsels (Packera spp.), 
and paintbrushes (Castilleja spp.). Common grasses include 
slender wheatgrass, mountain brome, Porter brome (Bromus 
porteri), bluegrass (Poa spp.) and needlegrasses.

Sensitivity to Climate Change: High
Species that occur in subalpine forb communities occur 

across a broad elevational range and occupy a wide variety 
of habitats, but little literature is available regarding the 
specific requirements for the establishment and maintenance 
of these ecosystems. Soil characteristics are critical for 
preservation of the tall forb assemblages (Lewis 1993). 
Where those deep soils have eroded, the type has been 
compromised and in some cases, sites are no longer capable 
of maintaining species that once dominated (Shiflet 1994). 
These communities respond to summer rainfall, and it is 
unclear whether these precipitation events will increase or 
decrease in frequency and amounts with changing climate. 
However, higher temperatures will lead to reduced soil 
moisture and are likely to alter the conditions necessary to 
support these unique ecosystems. Although species in these 
communities may be able to move to higher elevations with 
warming, lack of soil development at higher elevations may 
prevent their establishment.

Figure 7.9—Subalpine forb communities in the Intermountain Adaptation Partnership region: (a) a subalpine tall forb community 
occurring on deep, productive soils, and (b) a subalpine low forb community occurring on shallow, well-drained soils 
(photos: W. Padgett, U.S. Forest Service). 

a) b)
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Adaptive Capacity: Moderate
Many acres of this cover type have been degraded or 

lost because of historical livestock grazing at unsustain-
able levels (Ellison 1954; Lewis 1993; McArthur et al. 
2013). Heavy grazing has resulted in a loss of productive 
topsoil in many places, which limits the establishment and 
growth of many dominant native species (Shiflet 1994). On 
the Wasatch Plateau of central Utah, Lewis (1993) found 
significant improvement in conditions once livestock were 
removed from sites that had lost tall forb species through 
excessive grazing in the late 1800s. This is not always the 
case; intensive grazing by livestock and subsequent loss of 
topsoil can result in establishment of species such as tar-
weed (Madia glomerata) that can remain in place for years 
(Shiflet 1994). Because much of the area in subalpine forb 
communities is in a degraded condition, adaptive capacity is 
rated as moderate (table 7.2).

Vulnerability to Climate Change: High
Although some subalpine forb communities may be 

able to move higher in elevation where current alpine 
environments occur, the lack of soil development at higher 
elevations may support only the lower-growing species 
found in this vegetation cover type. In some areas, such 
as the Wasatch Plateau in central Utah, the tall forb com-
munities occur at the highest elevations of the plateaus, and 
therefore the vulnerability to the communities is high to 
very high. In addition, increased drought stress with higher 
temperatures is likely to stress species in these communities. 
The overall vulnerability of this type to climate change is 
therefore high (table 7.2).

Riparian and Wetland Communities
Riparian and wetland communities occupy about 1 

percent of the land surface in the Great Basin (Sada 2008), 
and they very likely occupy about that same percentage of 
the landscape throughout the IAP region. Though the area 
in these types is relatively small, they have very high spe-
cies diversity and support a variety of ecosystem functions 
(Naiman and Dècamps 1997). From high to low elevation, 
riparian and wetland communities throughout the region 
have been subjected to relatively high impacts from human 
uses, including road construction, land development, con-
version to agricultural uses, and changes in stream discharge 
because of dam construction and water diversions. In ad-
dition, these areas have been affected by intensive use by 
domestic livestock, beaver removal, and nonnative species 
(Sada 2008).

Riparian and wetland communities are described by el-
evation in this report. This organization was chosen because 
of differences in stream size, localized climates, species 
composition and associated structure, and processes such 
as erosion, transport, and deposition that dominate these 
communities at different elevations. Historical and current 
impacts and threats and predicted responses to climate 
change also tend to vary by elevation.

High-elevation areas often have smaller and steeper 
stream channels, with some large snowmelt- and spring-fed 
wetlands. Where stream systems are characterized by steep 
gradients, they tend to be dominated by erosional processes. 
Riparian and wetland vegetation composition and some-
times structure vary with elevation (Engelhardt et al. 2015).

Middle elevations often have larger stream channels with 
lower gradients. They are dominated by transport processes, 
moving sediments from higher elevation to lower-elevation 
stream channels. Riparian and wetland vegetation composi-
tion and structure are highly variable, with trees, low and 
tall shrubs, and herbaceous species.

Low elevations have the largest channels and are often 
dominated by depositional processes. Most streams are 
alluvial and armored by riparian vegetation. Historically, 
the largest cottonwood gallery forests and natural wetlands 
occurred at lower elevations. Low-elevation riparian areas 
have a highly variable vegetation structure and contain trees, 
low and tall shrubs, and herbaceous species.

Across elevations, wetlands can vary in size and are 
dependent on water availability and site characteristics 
(e.g., valley bottom and associated stream type). Species 
composition varies with elevation. Upper-elevation wetlands 
are typically dependent on snowpack and snowmelt to 
sustain their water supply. They are often characterized by 
herbaceous species (sedges and rushes) but may also have 
low-growing willows as a community dominant. Drainage 
and development have eliminated many lower-elevation 
wetlands.

All riparian areas can be influenced by beaver activity, 
which results in ponding and flooding because of dam 
building. Historically, beaver occurred throughout the IAP 
region, except in the Great Basin. Much has been written 
on the hydrological and ecological roles that beaver popula-
tions play in riparian ecosystems (Jenkins and Busher 1979). 
Beaver dams can reduce peak discharge and stream velocity, 
and they can reduce sediment flows by increasing deposition 
in the ponded areas (Collen and Gibson 2001). Beaver dams 
also spread water over broad areas, expanding habitat for 
riparian and wetland species (Pollock et al. 2003). The wide-
spread removal of beaver has resulted in significant changes 
to stream hydrology, geomorphology, and ultimately the 
ability of valley bottoms to support healthy and diverse 
riparian and wetland ecosystems (Pollock et al. 2003). The 
introduction or reintroduction of beaver, however, does not 
always have a significant positive effect (Rosell et al. 2005). 
Locations for reintroductions must be carefully considered.

Sensitivity
Watershed geomorphic and hydrological characteristics, 

as well as climatic factors such as temperature, precipitation 
type, and precipitation amount, influence the volume and 
timing of streamflows (Patten 1998). Whereas base flow 
conditions result from the gradual release of groundwater 
and snowmelt, periodic flooding can result from either rapid 
spring snowmelt or high-intensity summer thunderstorms. 
The distribution, health, composition, and maintenance 
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of riparian communities depend on volume and timing of 
streamflows (Auble et al. 1994; Poff et al. 1997; Scott et al. 
1996, 1997; Stromberg 1993; Stromberg and Patten 1995).

The Great Basin and Semi Desert and Plateaus sub-
regions are among the driest areas in the western United 
States. Climate change is likely to have the greatest effects 
in these relatively hot and dry portions of the region (Perry 
et al. 2012). Water availability is projected to decrease 
because of increased drought, earlier runoff, and lower 
late-spring and summer streamflows. High flows required 
for channel maintenance will be reduced. Plant community 
composition and structure will be affected by increased wa-
ter stress, and drought-tolerant species are likely to replace 
riparian and wetland species. In addition, geomorphic and 
hydrological processes and dynamics that have been respon-
sible for riparian and wetland ecosystem development at 
lower elevations have already been affected by construction 
of dams and water diversions in most places.

Adaptive Capacity
From high to low elevations, most riparian and wetland 

systems have been altered from historical conditions, 
resulting in changes in stream geomorphic and hydrologi-
cal processes, including stream downcutting and channel 
straightening. Stream discharge has been reduced because of 
dam construction and water diversions. These changes have 
decreased water availability to riparian ecosystems because 
of greatly reduced floodplain access and recharge. Riparian 
areas and wetlands have also been affected by domestic 
livestock grazing, road construction, and nonnative species 
(Sada 2008).

Riparian systems are inherently driven by frequent dis-
turbances, in particular seasonal floods or high water flows 
(Kauffman 2001). These flows affect the movement and de-
position of sediment and large woody debris (Nakamura et 
al. 2000). The flow regime of riparian systems is of primary 
importance in maintaining their ecological integrity (Poff 
et al. 1997). The magnitude, frequency, duration, timing, 
and rate of change of streamflows directly and indirectly 
affect water quality, energy sources, physical habitat, and 
the biotic interactions within the stream systems. The modi-
fication of any one of these can have a cascading effect on 
ecological integrity.

Changes in flow regimes, whether through climate 
change or through human-caused alterations such as those 
from water diversions and dams, impact the amount, season, 
and timing of flows. This can substantially alter associated 
riparian and wetland species because of their dependence on 
fluvial geomorphic process, surface water, and groundwater 
(Merritt et al. 2010; Nilsson and Berggren 2000; Poff et al. 
1997). Floods are responsible for erosion, transport, and de-
position of sediments, as well as the amounts and location of 
vegetation and debris. Many dominant riparian species, such 
as cottonwoods and willows, are pioneer species that depend 
on these events to provide bare, moist substrates necessary 
for seed germination and plant establishment (Cooper et al. 
2003; Scott et al. 1996; Stella et al. 2011).

Vulnerability
Factors considered in characterizing the vulnerability of 

each riparian and wetland vegetation type to climate change 
include regeneration success, response to disturbance 
(changes in amount, timing, and location of runoff), and 
plant life history traits.

High-Elevation Riparian and  
Wetland Communities

Vegetation Type Description and Distribution
High-elevation riparian and wetland communities include 

forests, shrublands, and herbaceous communities occur-
ring in meadows, adjacent to streams and water bodies, or 
around seeps and springs. High-elevation wetland sites are 
often associated with bogs, fens, springs, and streams at 
low-gradient sites, such as glacial cirque floors and slumps, 
or around small lakes and ponds proximal to high ridge-
lines. These communities generally occur above 8,500 feet 
elevation throughout the IAP region. As noted previously, 
upper-elevation streams are erosional in nature, providing 
sediments to their connected systems.

Forest communities occur near the boundary between 
high- and mid-elevation riparian and wetland communities 
and can include species such as aspen and conifers, includ-
ing subalpine fir (Abies lasiocarpa) and spruce (Picea spp.); 
cottonwoods generally do not occur at these elevations. Low-
growing willows such as Wolf’s (Salix wolfii) and plainleaf 
(S. planifolia) can dominate broad meadows, along with other 
shrubs such as resin birch (Betula glandulosa) and bog blue-
berry (Vacinnium occidentale). Some tall willows, such as 
Drummond’s (Salix drummondiana), may also occur. High-
elevation sedges (e.g., Carex aquatilis, C. illota, C. limosa, 
C. scopulorum, C. luzulina) can dominate these wetland and 
riparian systems, along with tufted hairgrass (Deschampsia 
cespitosa) and alpine bentgrass (Agrostis humilis).

Existing stressors in high-elevation riparian and wetland 
communities include drought, livestock grazing (particularly 
domestic sheep), and grazing by both introduced ungulates 
(e.g., mountain goats), and large populations of native 
ungulates. In addition, recreational uses can be significant, 
especially in areas adjacent to high populations and relatively 
easy access. Roads in the valley bottoms are a major factor 
affecting erosional processes. Improper all-terrain vehicle use 
can also cause severe soil and vegetation damage, particularly 
in seasonally wet riparian areas, meadows, and peatlands.

Sensitivity to Climate Change: Moderate to High
Warming temperatures and reduced snowpack may result 

in the loss of high-elevation riparian and wetland habitats, 
resulting in drier, less productive systems. With rising tem-
peratures, frigid snow- and water-dependent ecosystems in 
the upper portions of watersheds will have very little room to 
move upslope. Elevating temperatures will increase competi-
tion from riparian species now occurring at lower elevations, 
and smaller snowpacks will increase competition from upland 
species that occupy drier sites.
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Adaptive Capacity: Low to Moderate
Although these ecosystems have been less impacted by 

humans than mid- and low-elevation riparian and wetland 
communities, existing stressors still include drought, livestock 
grazing, introduced ungulates (e.g., mountain goats), and 
large populations of native ungulates, as well as some recre-
ational uses. There tend to be few invasive species in these 
high-elevation ecosystems, and because of historically late 
seasonal snow cover and associated later plant growth, these 
ecosystems have had shorter grazing seasons by domestic 
livestock. Like riparian and wetland species of mid- to lower 
elevations, nearly all tree species occurring in these areas 
sprout following fire. These combined factors result in a low 
to moderate adaptive capacity for these communities (table 
7.2).

Vulnerability to Climate Change: High
High-elevation riparian and wetland communities have a 

high vulnerability to climate change because of moderate to 
high sensitivity and low to moderate adaptive capacity (table 
7.2). Mid-elevation riparian and wetlands communities are 
likely to move higher in elevation with warming climate. 
Systems currently in place are in danger of losing their water 
source, and soil moisture is likely to be reduced as snowpack 
amount and duration decrease.

Mid-Elevation Riparian and  
Wetland Communities

Vegetation Type Description and Distribution
Mid-elevation riparian and wetland communities include 

forests, shrublands, and herbaceous communities occurring 
adjacent to streams, in wet meadows, and surrounding water 
bodies, or proximal to seeps and springs. These communities 
generally occur between 5,500 and 8,500 feet throughout the 
IAP region. As noted earlier, mid-elevation streams transport 
sediments from these and higher-elevation riparian areas to 
the lower-elevation systems.

Mid-elevation riparian communities may be dominated 
by a variety of tree, shrub, and herbaceous species. Tree spe-
cies, such as narrowleaf cottonwood (Populus angustifolia), 
quaking aspen (P. tremuloides), western river birch (Betula 
occidentalis), and thinleaf alder (Alnus incana) occur in 
these areas. Conifer species dominating adjacent landscapes, 
such as Douglas-fir (Pseudotsuga menziesii), white fir (Abies 
concolor), Engelmann spruce (Picea engelmannii), and blue 
spruce (P. pungens) may also occur at stream edges. Shrubs 
include mid-elevation willows, such as Booth’s willow (Salix 
boothii), Drummond’s willow, shining willow (S. lucida 
subsp. caudata), and dusky willow (S. melanopsis), and a 
variety of herbaceous meadow and wetland species. At the 
lower range of these communities, Nebraska sedge (Carex 
nebrascensis) can dominate meadows, along with tufted 
hairgrass.

Sensitivity to Climate Change: Moderate to High
Riparian areas, because of their high water tables, have 

some of the highest capacity to adapt to changing climates. 
However, as snowpacks are reduced and seasonality of runoff 
changes, the amount of water available for subsurface storage 
is likely to be reduced. Increasing temperatures will increase 
competition from invasive and riparian species from lower 
elevations, and reduced water tables will increase competition 
from adjacent upland species. Thus, the species composition 
of these riparian areas could change considerably in a chang-
ing climate.

Adaptive Capacity: Moderate
Adaptive capacity of these mid-elevation riparian and 

wetland ecosystems is moderate (table 7.2) and may be less 
in areas subjected to a wide variety of human influences. 
Historically, these ecosystems were affected by heavy 
livestock grazing. In addition, these areas have been used 
as locations for road construction, concentrated recreational 
uses, and several other developments. Many nonnative 
invasive species, such as Canada thistle (Cirsium arvense), 
nodding plumeless thistle (Carduus nutans), scotch thistle 
(Onopordum acanthium), and bull thistle (Cirsium vulgare), 
occur in these habitats. Waterways provide a means for 
dispersing these species widely. Because of the high level and 
variety of human impacts on these riparian ecosystems, many 
of these mid-elevation communities have lost resilience. 
These systems typically have high fuel moisture and are not 
very susceptible to wildland fire. When fires occur, however, 
they often move from adjacent upland communities into these 
environments (Dwire and Kauffman 2003).

Vulnerability to Climate Change: Moderate to High
Climate change vulnerability of mid-elevation riparian and 

wetland communities is rated as moderate to high because 
these communities have moderate to high sensitivity and 
moderate adaptive capacity to the effects of climate change 
(table 7.2). Mid-elevation riparian plant species may have the 
ability to move upward in elevation, but where resilience has 
been compromised by human uses, these systems may not be 
able to easily adjust to changes in their environment. Invasive 
species that already dominate many mid-elevation sites are 
likely to expand their dominance. As riparian areas become 
drier, upland species will continue to expand into these sites.

Low-Elevation Riparian and  
Wetland Communities

Vegetation Type Description and Distribution
Low-elevation riparian and wetland communities include 

forests, shrublands, and herbaceous communities occurring 
adjacent to streams and water bodies, in meadows, or around 
seeps and springs. These communities generally occur below 
about 5,500 feet throughout the IAP region. Lower-elevation 
streams are generally where sediments from mid- and upper-
elevation sources are deposited.
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These riparian communities may be dominated by a 
variety of tree, shrub, and herbaceous species. Tree spe-
cies include narrowleaf cottonwood, lanceleaf cottonwood 
(Populus ×acuminata), Fremont cottonwood (P. fremontii), 
black cottonwood (P. balsamifera ssp. trichocarpa), and box 
elder (Acer negundo), as well as a wide variety of nonnative 
tree species. Shrubs include a wide variety of willows, such 
as yellow willow (Salix lutea), Geyer willow (S. geyeriana), 
Booth willow, Pacific willow (S. caudata) and narrowleaf 
willow (S. exigua). Beaked sedge (Carex utriculata), 
Nebraska sedge, and Baltic rush (Juncus arcticus) grow at 
many elevations, but are typically common at lower eleva-
tions. Low-elevation wetland and riparian communities are 
limited in their occurrence on National Forest System lands 
throughout the region because most of these habitats occur 
near or below the forest boundaries.

Sensitivity to Climate Change: High
Although riparian and wetland species at lower elevations 

in the IAP region may not be adapted to increasing tempera-
tures, species from adjacent geographic areas could replace 
species that currently dominate these ecosystems. However, 
the low-elevation riparian and wetland communities are more 
likely to be affected by decreased flows and water availability 
through continued diversions. In addition, the timing of water 
availability (because of lower snowpacks) is likely to affect 
species with high water demands throughout the summer. 
Changes in the amount and timing of runoff events could 
greatly impact water tables and soil moisture relationships 
and eliminate much of the riparian and wetland habitats that 
remain at these lower elevations. Much has been written on 
the hydrological requirements for the germination of various 
cottonwoods and willows (Auble and Scott 1998; Mahoney 
and Rood 1998; Siegel and Brock 1990; Young and Clements 
2003). The connections among changes in climate, hydrol-
ogy (timing and amount of flows), and the ability of these 
species to continue to germinate and establish are only now 
being investigated (Gori et al. 2014; Smith and Finch 2016; 

Stromberg et al. 2010). However, climate change has the 
potential to greatly affect the ability of these woody riparian 
dominant species to germinate and establish in the future; ac-
cordingly, low-elevation riparian and wetland ecosystems are 
rated as highly sensitive to climate change (table 7.2).

Adaptive Capacity: Low to Moderate
Many low-elevation riparian and wetland communities 

have been degraded from a wide variety of human influences 
(e.g., fig. 7.10), such as road construction, concentrated rec-
reational uses, and other development. These areas have also 
been subjected to excessive, unmanaged livestock grazing, es-
pecially in the past. Management efforts by Federal agencies 
since the early 1980s have focused on reducing impacts and 
improving conditions of these systems.

As a result of historical land uses, many nonnative 
invasive species occur in these habitats. For example, these 
areas have had some of the greatest increases in nonnative 
invasive woody species, such as tamarisk (Tamarix chilensis, 
T. ramosissima) and Russian olive (Elaeagnus angustifolia), 
as well as nonnative invasive herbaceous species. Many of 
these herbaceous species are listed as noxious. Many low-
elevation wetlands in the region have become dominated by 
the nonnative common reedgrass (Phragmites australis) (fig. 
7.11). Purple loosestrife (Lythrum salicaria) can also invade 
wetlands and replace existing native wetland species.

Vulnerability to Climate Change: High to Very High
The direct effects of reduced flows and changes in tim-

ing and duration of spring runoff because of climate change 
will reduce resilience in low-elevation riparian and wetland 
communities, and thus their vulnerability to climate change 
is rated as high to very high (table 7.2). These systems have 
also been affected by upstream diversions of water and wet-
land drainage, and by livestock grazing, development, road 
construction, and concentrated recreational uses. Additional 
pressures on these already vulnerable ecosystems could have 
significant effects in the future.

Figure 7.10—Heavily grazed 
riparian area. Heavy livestock 
grazing in riparian areas 
inhibits regeneration and 
growth of woody riparian 
species such as cottonwoods 
and willows (photo: W. 
Padgett, U.S. Forest Service).
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Figure 7.11—Common 
reedgrass that has invaded 
and dominated low-
elevation wetlands along 
the Great Salt Lake in 
northern Utah (photo: W. 
Padgett, U.S. Forest Service).
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