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Introduction
Rangelands are dominated by grass, forb, or shrub 

species, but are usually not modified by using agronomic 
improvements such as fertilization or irrigation (Lund 2007; 
Reeves and Mitchell 2011) as these lands would normally 
be considered pastures. Rangeland includes grassland, 
shrubland, and desert ecosystems, alpine areas, and some 
woodlands (box 7.1). This chapter addresses the potential 
effects of climate change on rangeland vegetation in the 
Forest Service, U.S. Department of Agriculture (USFS) 
Northern Region and the Greater Yellowstone Area (GYA), 
hereafter called the Northern Rockies region. Within the 
Northern Rockies region, rangelands occupy more than 
65 million acres (Reeves and Mitchell 2011). Ecosystem 
services derived from these rangelands include forage for 
millions of domestic and wild ungulates, greater sage-
grouse (Centrocercus urophasianus) habitat, and numerous 
recreational opportunities (see Chapter 10).

The sustainability of goods and services is threatened by 
land-use change, such as residential development, energy 

development, and invasion by nonnative plant species (see 
Chapter 11). These threats, expressed against the backdrop 
of climate change, pose unique challenges for managers in 
the Northern Rockies region. The effects of climate change 
on rangelands have received less attention than effects on 
forests, but similar to forests, past and future human land-
use activities may exceed climate change effects, at least 
in the short term (Peilke et al. 2002). Interactions among 
land-use change, management, and climate change are not 
well understood and are difficult to forecast. Therefore, this 
analysis of potential climate change effects on rangelands 
does not explicitly include estimates of future land-use 
change or management, and instead focuses on estimated 
regeneration success, response to disturbance (especially 
fire), and life history traits.

Relative to forests, rangelands usually occur in more 
arid environments, either due to edaphic (e.g., some mon-
tane grasslands, subalpine shrublands, and fell-fields) or 
climatic factors. These arid conditions present challenges 
for studying the effects of climate change because some 
rangelands will be less resilient to changes in environmental 
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Box 7.1—Rangeland Definitions used by Different Federal Agencies

U.S. Forest Service

Land primarily composed of grasses, forbs, or shrubs. This includes lands vegetated naturally or artificially to provide 
a plant cover managed like native vegetation and does not meet the definition of pasture. The area must be at least 
1.0 acre in size and 120.0 feet wide (USDA FS 2010).  

Bureau of Land Management

Land on which the indigenous vegetation (climax or natural potential) is predominantly grasses, grass-like plants, forbs, 
or shrubs and is managed as a natural ecosystem. If plants are introduced, they are managed similarly. Rangelands 
include natural grasslands, savannas, shrublands, many deserts, tundra, alpine communities, marshes, and wet 
meadows (Society for Range Management 1998).

Natural Resources Conservation Service

A land cover/use category that includes land on which the climax or potential plant cover is composed principally of 
native grasses, grass-like plants, forbs or shrubs suitable for grazing and browsing, and introduced forage species that 
are managed like rangeland. This would include areas where introduced hardy and persistent grasses, such as crested 
wheatgrass, are planted and practices such as deferred grazing, burning, chaining, and rotational grazing, are used 
with little or no chemicals/fertilizer being applied. Grasslands, savannas, many wetlands, some deserts, and tundra are 
considered to be rangeland. Certain low forb and shrub communities, such as mesquite, chaparral, mountain shrub, 
and pinyon-juniper, are also included as rangeland (USDA 2009).
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influences such as fire regimes and periodicity of precipita-
tion. Understanding resistance and resilience for rangelands 
is important for estimating possible effects of climate 
change. In broad terms, resilience refers to the capacity of 
ecosystems to regain structure, processes, and function-
ing in response to disturbance (Allen et al. 2005; Holling 
1973), whereas resistance describes capacity to retain these 
community attributes in response to disturbance (Folke et 
al. 2004). These concepts are especially critical when con-
sidering establishment of nonnative plants and interactions 
between climate change stressors (Chambers et al. 2014). 
In the Northern Rockies region, areas with higher precipita-
tion and cooler temperatures generally result in greater 
resources and more favorable conditions for plant growth 
and reproduction (Alexander et al. 1993; Dahlgren et al. 
1997). These concepts are demonstrated in fig. 7.1, which 
indicates that management for ecosystem services derived 
from rangelands will be relatively more effective in more 
mesic rangelands.

In this chapter we explore potential effects of climate 
change on selected rangeland habitats. The evaluation of 
risk was qualitatively and synthetically determined by using 
a combination of workshop output, literature (where avail-
able), and the judgment of the authors and two reviewers. It 
is meant to represent our best guess as to the relative vulner-
ability of each system to estimated perturbations brought 
forth by expected changes in climate across the Northern 
Rockies region.

Vegetation Classes
The rangeland assessment focuses largely on groupings 

of vegetation types but also references individual species 
where information and data suggest inferences can be 
made for species. We identified rangeland vegetation to be 
included in the vulnerability assessment by first reviewing 
the extent of rangelands within the conterminous United 
States (Reeves and Mitchell 2011). The National Resources 
Inventory definition (box 7.1) of rangelands was used to 
identify rangelands within the Northern Rockies region. The 
list of U.S. Ecological Systems designated as rangelands 
that were retained for evaluation is found in table 7.1. The 
great complexity of rangeland vegetation combined with 
a paucity of studies on climate change effects suggests 
that a grouping of individual vegetation types into classes 
would be useful. The resulting groups to be analyzed are 
the northern Great Plains, montane shrubs, montane grass-
lands (referred to as “western grasslands”), and sagebrush 
systems. It is important for the reader to understand that 
multiple vegetation types make up each of the four broad 
classes of vegetation. In the case of sagebrush systems, 
however, four groups (big sagebrushes, short sagebrushes, 
sprouting sagebrushes, and mountain sagebrush) were sub-
sequently further permuted by individual types (table 7.1).

The northern Great Plains has a broad geographic 
expanse and mixture of both cool-season (C3) and 

warm-season (C4) species. Montane shrubs are species im-
portant for browsing by native ungulates. The relatively rare 
montane grasslands have a unique position on the landscape, 
dominance of cool-season species, and specific types of 
habitats they provide in juxtaposition to forest vegetation.

Sagebrush systems (dominated by species in the genus 
Artemisia) provide critical wildlife habitat, including for 
the imperiled greater sage-grouse, and are a ubiquitous and 
iconic species in much of the western United States. In ad-
dition, sagebrush systems, especially those dominated by 
big sagebrushes, have been more widely studied, at least 
partially as a result of recent research on sage-grouse habi-
tat. Therefore, the vulnerability of some sagebrush species 
is supported by a richer body of information than for other 
vegetation. But this does not mean that all sagebrush types 
have been studied equally in the context of climate change. 
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Figure 7.1—Resilience to disturbance (a) and resistance to 
cheatgrass (b) over a typical temperature/precipitation 
gradient in the cold desert. Dominant ecological sites occur 
along a continuum that includes Wyoming big sagebrush 
on warm and dry sites, to mountain big sagebrush on 
cool and moist sites, to mountain big sagebrush and 
root-sprouting shrubs on cold and moist sites. Resilience 
increases along the temperature/precipitation gradient and 
is influenced by site characteristics like aspect. Resistance 
also increases along the temperature/precipitation 
gradient and is affected by disturbances and management 
treatments that alter vegetation structure and composition 
and increase resource availability. ARTRw = Wyoming big 
sagebrush (Artemisia tridentata ssp. wyomingensis); ARTRv 
= mountain big sagebrush (A. tridentata ssp. vaseyana); 
SYOR = mountain snowberry (Symphoricarpos oreophilus) 
(modified from Chambers et al. 2014).
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Table 7.1—Aproximate area of U.S. Ecological Systems identified as rangelands within the NRAP assessment region. Sagebrush 
systems were further subdivided into mountain, low, and big or sprouters. These distinct species were grouped into the “big 
or sprouters” category only for developing map legends because, using the mid-level Ecological Systems mapping approach, 
without external data, it would be difficult to differentiate each unique cover type dominated by the various Artemisia spp. 
across the landscape. 

Rangeland vegetation types Ecological system Area
Sagebrush 
grouping

Acres

Northern Great Plains (C3/C4 mix) Central Tallgrass Prairie 479,899 NA

 Northwestern Great Plains Mixedgrass Prairie 37,818,629 NA

 Western Great Plains Sand Prairie 2,285,234 NA

 Western Great Plains Shortgrass Prairie 39,543 NA

 Western Great Plains Tallgrass Prairie 7,763 NA

 
North-Central Interior Sand and Gravel Tallgrass 
Prairie

209,599 NA

 Northern Tallgrass Prairie 367,864 NA

 Great Plains Prairie Pothole 262,813 NA

Total 41,471,344 NA

Montane shrubs Northern Rocky Mountain Montane-Foothill 
Deciduous Shrubland

1,257,671 NA

Inter-Mountain Basins Curl-leaf Mountain 
Mahogany Woodland and Shrubland

175,887 NA

Rocky Mountain Lower Montane-Foothill Shrubland 4,602 NA

Total 1,438,160 NA

NA

Montane grasslands (C3) Columbia Plateau Steppe and Grassland 1,257,642 NA

Columbia Basin Palouse Prairie 2,692,161 NA

Columbia Basin Foothill and Canyon Dry Grassland 58,773 NA

Inter-Mountain Basins Semi-Desert Grassland 42,311 NA

Northern Rocky Mountain Lower Montane-Foothill-
Valley Grassland

14,419 NA

Northern Rocky Mountain Subalpine-Upper 
Montane Grassland

5,957 NA

Total 4,071,263 NA

Sagebrush systems Artemisia tridentata ssp. vaseyana Shrubland 
Alliance

2,931,640 Mountain

Inter-Mountain Basins Big Sagebrush Steppe 9,656,339 Big or sprouter

Inter-Mountain Basins Big Sagebrush Shrubland 2,451,624 Big or sprouter

Inter-Mountain Basins Montane Sagebrush Steppe 1,993,178 Big or sprouter

Columbia Plateau Low Sagebrush Steppe 156,012 Low

Wyoming Basins Dwarf Sagebrush Shrubland and 
Steppe

49,723 Low

Inter-Mountain Basins Semi-Desert Shrub-Steppe 41,572 Big or sprouter

Great Basin Xeric Mixed Sagebrush Shrubland 17,970 Low

Columbia Plateau Scabland Shrubland 14,529 Big or sprouter

Total 17,312,587

All rangelands total 64,293,354



278 USDA Forest Service RMRS-GTR-374.  2018

To reflect the disparate amount of study on climate change 
effects on sagebrush species, four sagebrush types were 
delineated for the Northern Rockies for this study (fig. 7.2, 
sagebrush types):

• Big sagebrushes: Wyoming big sagebrush (A. 
tridentata spp. wyomingensis) and basin big sagebush 
(A. tridentata ssp. tridentata)

• Low sagebrushes: low sagebrush (A. arbuscula) and 
black sagebrush (A. nova)

• Sprouting sagebrushes: silver sagebrush (A. cana) and 
threetip sagebrush (A. tripartita)

• Mountain big sagebrush (A. tridentata ssp. vaseyana)

Figure 7.2 does not represent an exact accounting of 
these four vegetation classes but suggests an estimated dis-
tribution where each grouping is usually found. In addition, 
when Ecological Systems are mapped at this level, it is not 
possible to differentiate the distribution of silver and threetip 
sagebrush as they are often disjunctively commingled with 
other types. As a result, only three categories are mapped; 
within the largest category, the big sagebrushes and 
sprouting sagebrushes are all represented in one estimated 
distribution.

The Wyoming and basin big sagebrush types were ag-
gregated because they have similar life histories, stature, 
and areal coverage in the Northern Rockies region, and 
represent critical habitats for many species of birds and wild 
and domestic ungulates. Despite similar life history traits, 
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. 2007). Similarly, the low 
sagebrushes were chosen for the unique habitats they repre-
sent (especially black sagebrush) and similar life histories. 
Both silver sagebrush and threetip sagebrush can resprout 
after fire, making them unique in that regard among the 
sagebrush species, with the exception of periodic sprouting 
by some variants of mountain big sagebrush.

Finally, mountain big sagebrush was chosen for its 
(usually) distinct positioning on the landscape, in addi-
tion to being the most mesic of sagebrush communities 
in the Northern Rockies region. Communities dominated 
by Wyoming big sagebrush are by far the most common 
and occupy the greatest area (table 7.2), whereas the low 
sagebrush type occupies the least. However, although basin 
and Wyoming big sagebrush are common throughout the 
Northern Region, mountain big sagebrush communities 
occupy the greatest extent on lands managed by the USFS. 
Although the communities dominated by the Artemisia 
species listed here were subdivided for evaluating possible 
effects of climate change, four species (basin big, Wyoming 
big, threetip, and silver) were grouped for mapping purposes 
as the “big or sprouter” category (table 7.1) because differ-
entiating them across the landscape was impractical.

Vegetation Productivity in 
Response to Climate Change

Although the current extent of rangeland in the Northern 
Rockies region can be accurately described, uncertainty in 

Figure 7.2—Estimated 
distribution of various 
sagebrush vegetation classes 
in the Northern Rockies.
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Table 7.2—Area of rangeland vegetation classes evaluated in each NRAP subregion.

Subregion Rangeland vegetation classes Area Proportion

Acres Percent

Western Rockies Montane grasslands        596,837 34.4

Montane shrubs        298,153 35.7

Sagebrush systems        358,086 29.9

Total     1,253,076

Central Rockies Montane grasslands        845,539 43.6

Montane shrubs        173,980 18.6

Sagebrush systems        507,391 37.8

Total     1,526,909

Eastern Rockies Montane grasslands        735,758 13.5

Montane shrubs        328,306 12.5

Northern Great Plains (C3/C4 mix)        221,193   5.9

Sagebrush systems     2,572,138 68.2

Total     3,857,395

Grassland Montane grasslands     1,343,858   1.8

Montane shrubs        266,233   0.7

Northern Great Plains (C3/C4 mix)   41,204,297 80.6

Sagebrush systems     8,586,897 16.8

Total   51,401,285

Greater Yellowstone 
Area Montane grasslands        549,271   6.1

Montane shrubs        371,488   8.5

Northern Great Plains (C3/C4 mix)          45,848   0.7

Sagebrush systems     5,288,075 84.7

Total     6,254,682

All subregions total 128,586,695

the underlying global climate models (GCMs) used to esti-
mate climate change effects (see Chapter 3), and uncertainty 
in models of physiological response, make it difficult to con-
fidently project the effects of climate change on rangelands. 
Our understanding of the potential effects of climate change 
in the region can be improved if comparisons of impacts are 
made with other areas.

The primary inference about climate change effects 
on rangeland vegetation nationally is one of increasing 
temperature, lower soil moisture, changing phenology, and 
decreasing annual production. However, projected tempera-
tures exhibit far less variability among scenarios and GCMs 
than precipitation. Therefore, areas where projections sug-
gest that temperature rather than precipitation is a dominant 
driver may be more reliable. Figure 7.3 suggests that, rela-
tive to much of the rest of the United States, the Northern 

Rockies region could experience an increase in annual net 
primary productivity (NPP). In addition, the modeled over-
all increases in productivity appear to be more consistent in 
the region compared with other areas because there is less 
disagreement among the three emissions scenarios evaluated 
(Nakićenović et al. 2000; Reeves et al. 2014).

Changing climate regimes will also influence phenology 
in unexpected ways. For example, in tallgrass prairie (a rare 
type in the Northern Rockies region), a 7.2 °F increase in 
ambient temperature caused earlier anthesis among spring-
blooming species and later anthesis in fall-blooming species 
(Sherry et al. 2007), implying that climate change will 
influence vegetation in complex ways (Suttle et al. 2007; 
Walther 2010). In addition, effects of climate change may be 
greater at higher elevations (Beniston et al. 1997) (fig. 7.3), 
a logical projection for the Northern Rockies region, where 
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Figure 7.3—Mean slope of linear regression of the net primary productivity trend for the B2, A1B, and A2 emission 
scenarios (models averaged here include: GCGM2, HadCM3, CSIRO, MK2, MIROC3.2) (a) and standard 
deviation of the mean slope of linear regression of the net primary productivity trend for the same scenarios (b) 
(from Reeves et al. 2014).
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the primary factor limiting plant growth at high elevations is 
growing season length and cold temperatures.

The modeled overall effect of projected climate change 
in the Northern Rockies region is apparently increased 
growing season length and increased NPP, which may be 
especially pronounced at higher elevations. Removal of 
growth limitations could result in significant changes in veg-
etation at higher elevations, such as the Greater Yellowstone 
Area subregion. Higher NPP may seem counterintuitive be-
cause increased temperatures suggest greater moisture stress 
and therefore potentially less favorable growing conditions. 
Indeed, if all other factors besides temperature remained 
constant in the future, then vegetation might undergo signifi-
cant reductions in productivity from increased evaporative 
demand and reduced soil moisture. Conversely, some high-
elevation areas may experience increased production with 
increasing temperatures (Reeves et al. 2014), especially 
relatively mesic areas supporting mountain sagebrush.

Increased atmospheric carbon dioxide (CO2) concentra-
tions may modify ecophysiological growth processes in 
rangeland vegetation. Carbon dioxide enrichment can 
enhance water use efficiency through reduced water lost 
through stomata (see Chapter 6), but the response is not 
consistent across all vegetation. For example, in tallgrass 
prairie, Owensby et al. (1999) found that elevated CO2 
could increase productivity of aboveground and below-
ground biomass, but response depended on water stress. 
These findings are consistent with results from Reeves et 
al. (2014) and suggest that desiccation effects of increased 
temperature can be offset to some extent by CO2 enrichment 
via reduced transpirational demand (Leakey 2009; Morgan 
et al. 2004b, 2011; Woodward and Kelly 2008) and higher 
water use efficiency (Bachelet et al. 2001; Christensen et al. 
2004; Morgan et al. 2008, 2011; Polley et al. 2003).

Recent experimental research on the northern Great 
Plains is particularly relevant to the managers in the 
Grassland subregion where northern mixed-grass prairie 
dominates. The Prairie Heating and CO2 Enrichment 
(PHACE) study reported an increase of aboveground pro-
ductivity by an average of 33 percent over 3 years (Morgan 
et al. 2011), which substantiates estimates by Reeves et al. 
(2014) of a 28-percent increase in productivity for the north-
ern Great Plains by 2100.

As a footnote to the preceding discussion, it is important 
to note that all models are a simplification of reality, and 
interpretation of model results needs to consider uncertainty, 
inputs, and model assumptions. Models cited here have in-
creasing disparity as time progresses, especially in more arid 
regions where changing precipitation amounts and patterns 
may be the primary driver of change.

Management Concerns
The primary management and ecological concerns identi-

fied as affecting rangelands in the Northern Rockies region 
include uncharacteristic fire regimes, improper grazing, and 
invasive species. Uncharacteristic fire regimes, which are 

based on the historical fire regime, threaten some rangeland 
habitats, especially sagebrush steppe, across much of the 
western United States, including the Northern Rockies re-
gion. The overall concern over uncharacteristic fire regimes 
is perhaps smaller than for other regions such as the Great 
Basin. On one end of the spectrum, the shortened fire return 
intervals of many sagebrush habitats suggest that “too 
much” fire currently affects the landscape relative to histori-
cal fire regimes. It is widely documented that increasing 
dominance of invasive annual grasses has created a positive 
feedback cycle characterized by frequent fire followed by 
increased dominance of annual grasses, which further cre-
ate fuel conditions that facilitate combustion (Chambers et 
al. 2007). These conditions are exacerbated by wetter and 
warmer winters, which are projected throughout the region 
in the future.

On the other end of the spectrum, fire exclusion has led 
to decreased fire return intervals, which may be responsible 
for Douglas-fir (Pseudotsuga menziesii) encroachment into 
montane grasslands (Arno and Gruell 1986), and into higher 
elevation sagebrush habitats, especially those dominated by 
mountain big sagebrush (Heyerdahl et al. 2006) (fig. 7.4). 
Overall, the invasive species of greatest concern in sage-
brush communities throughout Northern Rockies rangelands 
is cheatgrass (Bromus tectorum), although Japanese brome 
(B. japonicus) and leafy spurge (Eurphorbia esula) are also 
concerns in the northern Great Plains. Recent range expan-
sion of cheatgrass is particularly prominent in the western 
half of the Northern Rockies region and can be somewhat 
explained by genetic variation leading to increased survival 
and persistence in otherwise marginal habitats (Merrill 
et al. 2012; Ramakrishnan et al. 2006). This rapid range 

Figure 7.4—Conifer encroachment, predominantly ponderosa 
pine into a montane grassland, including the ubiquitous 
graminoid rough fescue (photo: Mary Manning, USDA 
Forest Service).
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expansion may be enhanced by elevated atmospheric CO2 
concentrations and increased soil disturbance (Chambers 
et al. 2014). Improper grazing, a term referring to the mis-
management of grazing that produces detrimental effects on 
vegetation or soil resources, can exacerbate these conditions 
(see chapter 6). Generally, however, U.S. rangelands are 
not improperly grazed (Reeves and Bagget 2014; Reeves 
and Mitchell 2011) to the point of degradation; improper 
grazing is not the normal condition across rangelands in the 
Northern Region. Where improper grazing does occur, it can 
accelerate the annual grass invasion/fire cycle, especially 
in some sagebrush types, the northern Great Plains, and 
montane grasslands.

Broad-Scale Vulnerability of 
Rangelands to Climate Change

Determining the vulnerability of rangeland vegetation 
is a difficult task. Uncertainty exists in the projections of 
future climatic conditions as well as in expected effects of 
vegetation. Given the lack of studies focused on manipu-
lated climate on vegetation performance, we are limited to 
past observations, some published scientific studies, and our 
collective best judgment. Despite the paucity of relevant 
studies and the uncertainty of projected climates, a few 
elements of climate change are increasingly recognized as 
potential outcomes. In this section, we briefly discuss some 
overarching expected climatic conditions against which we 
estimate likely outcomes for vegetation in each of the four 
identified vegetation classes.

Projected temperature increases (Intergovernmental 
Panel on Climate Change [IPCC] 2014; see also Capter 
3) are expected to increase evaporative demand (e.g., 
potential evapotranspiration) (Klos et al. 2014) and pose 
the greatest overall temperature stress of all the estimated 
future climate outcomes (Polley et al. 2013). Projected 
changes in precipitation patterns and increasing potential 
evapotranspiration could encourage more frequent and 
intense fires from the effects of early-season plant growth 
combined with the desiccating effects of warmer, drier sum-
mers (Morgan et al. 2008). Collectively, these changes may 
result in considerably drier soils, particularly in the summer 
months when plants are phenologically active (Bradford et 
al. 2014; Polley et al. 2013). However, winter precipitation 
is projected to increase by 10 to 20 percent in the Northern 
Rockies region (IPCC 2014; Shafer et al. 2014; see also 
Chapter 3), which may compensate for increasing severity 
and frequency of droughts. In addition, rising CO2 levels 
may offset water loss due to higher evaporative demand by 
increasing stomatal closure and water use efficiency.

Warmer winters and decreasing snowpack may also be 
significant factors affecting rangeland vegetation classes 
(discussed next). Minimum temperatures are expected to 
increase more than maximum temperatures, providing 
longer frost-free periods. Warmer, wetter winters would 

favor early-season plant species and tap-rooted species that 
are able to reach accumulated early growing season soil 
water (Polley et al. 2013). These conditions are projected to 
significantly increase annual area burned and fire intensity 
(Westerling et al. 2006).

Northern Great Plains, Dominated by 
Mixtures of Cool-Season and Warm-
Season Grasses
Eastern grasslands are expansive across the northern 

Great Plains, extending from the foothill grasslands along 
the east slope of the northern and central Rocky Mountains 
in Montana to the Red River basin in eastern North Dakota. 
Annual precipitation increases from west to east and ecolog-
ical provinces change from dry temperate steppe to humid 
temperate prairie parkland along this gradient (Cleland et 
al. 2007). Grasslands are the predominant potential vegeta-
tion type, occupying about 80 percent of the northern Great 
Plains landscape. Küchler (1975) divides the potential 
natural vegetation of this area into shortgrass prairie, north-
ern mixed grass prairie, and tallgrass prairie, reflecting the 
changing precipitation regime. The shortgrass prairie bor-
ders the foothill grasslands and extends to eastern Montana. 
The typical grassland vegetation types are characterized by 
grama (Bouteloua spp.)/needlegrass (Stipa spp.)/wheatgrass 
(Pseudoroegneria spp.) and a mix of C3 and C4 plant spe-
cies. The northern mixed grass prairie borders the shortgrass 
prairie in eastern Montana and extends to eastern North 
Dakota. Typical grassland vegetation types are characterized 
by wheatgrass/needlegrass in the west and wheatgrass/blue-
stem (Andropogon spp.)/needlegrass to the east, including a 
mix of C3 and C4 plant species. The tallgrass prairie borders 
the northern mixed grass prairie in eastern North Dakota and 
South Dakota and borders the eastern hardwood forest to the 
east. The typical grassland vegetation types are character-
ized by bluestem and a dominance of C4 grasses, although 
C3 grass species are present.

Frequent fire was a major factor in maintaining grass-
land dominance, particularly in the eastern Great Plains. 
Settlement in the late 19th and early 20th centuries altered 
fire regimes by reducing fire frequency and changing the 
seasonality of fire. The predominant land use and land cover 
changed from grasslands to crop agriculture and domestic 
livestock production, affecting the continuity of fuels and 
fire spread. Reduced fire coupled with increased CO2 has 
encouraged woody plant encroachment, primarily in the 
eastern Great Plains (Morgan et al. 2008).

Other stressors include increased presence and abun-
dance of competitive invasive grass and forb species. 
These species reduce plant diversity of native grasslands 
and alter grassland structure. Noxious weeds such as leafy 
spurge (Euphorbia esula) are abundant in places, and other 
invasive nonnative species include Kentucky bluegrass (Poa 
pratensis), Japanese brome, and cheatgrass. In addition, 
energy development and the associated infrastructure frag-
ments local grassland patterns where it occurs. Roads and 
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traffic increase opportunities for introduction and spread of 
invasive species.

Soil water availability and water stress are principal 
driving factors in semiarid grasslands, influencing plant 
species distribution, plant community composition and 
structure, productivity, and associated social and economic 
systems of the northern Great Plains. Soil water availability 
is influenced by complex interactions among temperature, 
precipitation, topography, soil properties, and ambient CO2 
(Ghannoum 2009; Morgan et al. 2011). These physical 
factors interacting with plant species physiological mecha-
nisms, particularly those of C3 and C4 plants, will influence 
how grasslands will respond to climate change and elevated 
atmospheric CO2 levels (Bachman et al. 2010; Chen et al. 
1996; Ghannoum 2009; Morgan et al. 2011).

Available soil water is unevenly distributed across 
landscapes and is a function of landform, topography, and 
soil properties. Soil moisture loss through evapotranspira-
tion is influenced by slope, aspect, and solar loading at the 
ground surface, and water holding capacity is influenced by 
soil properties. These characteristics in the northern plains 
may modify the effects of climate change and enhanced 
CO2 locally. Landscape patterns of available soil water may 
result in uneven patterns of vegetation change and produc-
tivity under changing temperature and moisture regimes 
and elevated CO2 levels. The desiccating effect of higher 
temperature and increased evaporative demand (Morgan et 
al. 2011) is expected to offset the benefit of higher precipita-
tion, resulting in lower soil water content and increased 
drought throughout most of the Great Plains (Morgan et 
al. 2008). Elevated CO2 may counter the effects of higher 
temperatures and evaporative demand by improving water 
use efficiency of plants (Morgan et al. 2011).

Rising CO2 and temperature combined with increased 
winter precipitation may favor some herbaceous forbs, 
legumes, and woody plants (Morgan et al. 2008). Plant 
productivity is expected to increase with projected changes 
in temperature and moisture combined with elevated CO2 
(Morgan et al. 2008). Forage quality may decline as a result 
of less available forms of soil nitrogen and changes in plant 
species and functional groups (Morgan et al. 2008). A major 
shift in functional groups from C3 to C4 plants is possible 
but uncertain; warmer temperature and longer growing 
seasons favor C4 grasses, but the effects of higher CO2 on 
water-use efficiency may benefit C3 grasses. Most invasive 
species are C3 plants, so they may become more problem-
atic with the benefits of increased CO2 (Morgan et al. 2008).

The adaptive capacity of Great Plains grasslands during 
the drought of the 1930s and 1950s was documented for 
the central plains (Weaver 1968). There was a shift in C4 
grasses, in which big bluestem (Andropogon gerardii) and 
little bluestem (Schizachyrium scoparium) were replaced by 
the shortgrass species blue grama (Bouteloua gracili) and 
buffalograss (B. dactyloides). Shifts from tallgrass prairie to 
mixed grass prairie were also documented with an increase 
in the C3 plants western wheatgrass and needlegrass. This 
shift was later reversed during the higher precipitation 

period of the 1940s, indicating historical adaptive capac-
ity of Great Plains grasslands to the effects of long-term 
drought. These shifts were also affected by grazing condi-
tion of the grasslands before the drought.

Risk Assessment
Magnitude of effects: Moderate magnitude for change 

from temperate grassland to subtropical grassland by 2050 
under no fire suppression. Change toward increased woody 
vegetation by 2050 with fire suppression. High magni-
tude for change from temperate grassland to subtropical 
grassland by 2100. Moderate magnitude for change toward 
woody vegetation by 2100.

Likelihood of effects: Moderate likelihood for change 
from temperate grassland to subtropical grassland by 2050 
with no fire suppression, and moderate likelihood for change 
to increased woody vegetation by 2050 with fire suppres-
sion. The response of C3 and C4 species to the combined 
effects of higher temperature and elevated CO2 is uncertain.

Communities Dominated by Montane 
Shrubs
Montane shrubs are typically associated with montane 

and subalpine forests, and occur as large patches within 
forested landscapes. Species such as Rocky Mountain 
maple (Acer glabrum), oceanspray (Holidiscus discolor), 
tobacco brush (Ceanothus velutintis var. velutinus), Sitka 
alder (Alnus viridus subsp. sinuata), thimbleberry (Rubus 
parviflorus), chokecherry (Prunus virginiana), serviceberry 
(Amelanchier alnifolia), currant (Ribes spp.), snowberry 
(Symphoricarpos albus), Scouler willow (Salix scouleri-
ana), and mountain ash (Sorbus scopulina) are common.

Montane shrubs persist on sites where regular distur-
bance kills the top of plants. This, along with full sunlight 
and adequate soil moisture, stimulates regrowth from the 
root crown, rhizomes, and roots. Stressors include fire 
exclusion and conifer establishment, browsing by both 
native and domestic wildlife, and insects and disease. Loss 
of topsoil following frequent, hot fires, can lead to loss of 
these species over time (Larsen 1925; Wellner 1970). Mesic 
shrubs are well adapted to frequent fire, and under the 
right conditions can expand and outcompete regenerating 
conifers. However, with declining snowpack and warmer 
temperatures, fires may be hotter and sites may be drier, 
causing variable amounts of mortality, depending on site 
conditions.

Mesic shrubs are well adapted to frequent fire (Smith 
and Fisher 1997) and sprout vigorously after fire, enabling 
them to quickly regain dominance on the site. As sites 
become drier and fires become more frequent and severe, 
however, there may be a shift away from mesic species to 
more xeric species such as rubber rabbitbrush (Ericameria 
nauseosa), green rabbitbrush (Chrysothamnus viscidiflo-
rus), and spineless horsebrush (Tetradymia canescens). 
Nonnative invasive plant species may also expand into these 
communities, particularly following fire (Bradley 2008; 
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D’Antonio and Vitousek 1992). With warmer temperatures 
and drier soils, some mesic shrub species (e.g., Sitka alder 
and Rocky Mountain maple) may shift their distribution up 
in elevation or to cooler, moister sites (e.g., northeast-facing 
depressions).

Risk Assessment
Magnitude of effects: Moderate
Likelihood of effects: High

Montane Grasslands
Montane grasslands are associated with mountain-

ous portions of the Northern Rockies region including 
the Palouse prairie and canyon grasslands of northern and 
central Idaho. Montane grasslands occur in intermountain 
valleys, foothills, and mountain slopes from low to relative-
ly high elevation. They are dominated by C3 grasses, along 
with a large number of forbs and upland sedges. Shrubs and 
trees may occur with low cover. Dominant species include 
bluebunch wheatgrass (Pseudoroegneria spicata), rough 
fescue (Festuca campestris), Idaho fescue (F. idahoensis), 
Sandberg bluegrass (Poa secunda), needle-and-thread 
(Hesperostipa comata), western wheatgrass (Pascopyrum 
smithii), prairie junegrass (Koeleria macrantha), western 
needlegrass (Achnatherum nelsonii), and Richardson’s 
needlegrass (A. richardsonii).

Many low-elevation grasslands have been converted to 
agricultural use or are grazed by domestic livestock. They 
have also been subjected to extensive human use and land 
use conversion. Those grasslands that remain, particularly at 
lower elevations, are typically highly disturbed, fragmented, 
and frequently occupied by many nonnative invasive plant 
species. Prolonged improper livestock grazing, native 
ungulate herbivory, and nonnative invasive plants are the 
primary stressors in these grasslands (Finch 2012). Loss of 
topsoil can occur if vegetation cover and density decline and 
bare ground increases. Lack of fire is also a chronic stressor 
because conifers from lower montane forests can become 
established in some areas, and can increase in density and 
cover with fire exclusion (Arno and Gruell 1986; Heyerdahl 
et al. 2006). As conifer density and cover increase with fire 
exclusion, grass cover declines because most grassland 
species are shade-intolerant (Arno and Gruell 1983). If 
fires become hotter and more frequent, however, there is an 
increased risk of mortality of native species and invasion by 
nonnative plant species. But invasive plants may not always 
establish and dominate a site (Ortega et al. 2012; Pearson et 
al., in review) under these conditions. If spring and winter 
precipitation increase, some expect exotic annual grasses, 
particularly cheatgrass, which germinates in the winter/early 
spring, to establish and set seed earlier than native perennial 
grasses (Finch 2012). This would create an uncharacteristic, 
continuous fine fuel load that is combustible by early sum-
mer and capable of burning native perennial grasses often 
before they have matured and set seed (Bradley 2008; 
Chambers et al. 2007). Other nonnative species, such as 

spotted knapweed (Centaurea melitensis), Dalmatian toad-
flax (Linaria dalmatica), butter-and-eggs (Linaria vulgaris), 
and sulphur cinquefoil (Potentilla recta) respond favorably 
after fire and can increase in cover and density.

Nonnative invasive plant species will probably expand, 
particularly in the lower elevation grassland communities, 
because resistance to invasion may decrease as these com-
munities become warmer and drier (Chambers et al. 2014). 
Greater disturbance is likely to increase the rate and mag-
nitude of infestation (Bradley 2008). In addition, drier site 
conditions coupled with ungulate effects (grazing, browsing, 
hoof damage) and the associated increases in surface soil 
erosion may increase bare ground (Washington-Allen et al. 
2010). Low-elevation grasslands may shift in dominance 
towards more drought-tolerant species. Some model output, 
such as MC2 (Bachelet et al. 2001) (see Chapter 6), suggests 
that C3 grasslands will decline and C4 grasslands will ex-
pand based solely on temperature trends. However, elevated 
CO2 favors C3 grasses and enhances biomass production, 
whereas warming favors C4 grasses due to increased water 
use efficiency (Morgan et al. 2004a, 2007). Although C3 
grasses dominate western montane grasslands, a warmer 
and drier climate may allow C4 grasses (primarily northern 
Great Plains species) to expand westward into montane 
grasslands. In general, it is likely that with increased 
warming and more frequent fires, grasslands will become 
a more dominant landscape component as shrublands and 
lower montane conifer forests are burned more frequently 
and unable to regenerate. Increasing fire would also lead to 
the expansion of invasive species into grasslands (Bradley 
2008; D’Antonio and Vitousek 1992).

Risk Assessment
Magnitude of effects: High
Likelihood of effects: High

Sagebrush Systems
Communities Dominated by Wyoming Big 

Sagebrush and Basin Big Sagebrush
The current distribution of Wyoming big sagebrush eco-

systems in the Northern Rockies region is generally patchy 
throughout most of Montana with more spatially consistent 
cover in the Eastern Rockies and Grassland subregions 
(Comer et al. 2002). As previously mentioned, the distribu-
tion of basin big sagebrush habitats is generally restricted to 
deeper soils, often including alluvial fans. Stressors to both 
Wyoming and basin big sagebrush communities include 
prolonged improper livestock grazing, native ungulate 
herbivory, and nonnative invasive plants. Loss of topsoil 
can occur if vegetation cover and density decline and bare 
ground increases, primarily caused by ungulate impacts 
(e.g., grazing and mechanical/hoof damage). In contrast 
with mountain and basin big sagebrush habitats, Wyoming 
big sagebrush habitats spatially coincide with oil and gas 
development, which is prominent on the eastern edge of 
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its distribution. The Grassland and Greater Yellowstone 
Area subregions contain the largest extent of these two big 
sagebrushes, although the Western Rockies subregion may 
contain the largest amount of basin big sagebrush.

Big sagebrush ecosystems have decreased in spatial extent 
in the 20th century (Bradley 2010; Knick et al. 2003; Manier 
et al. 2013; Noss et al. 1995) because of oil and gas develop-
ment (Doherty et al. 2008; Walston et al. 2009), removal of 
big sagebrushes to increase livestock forage (Shane et al. 
1983), plant pathogens and insect pests (Haws et al. 1990; 
Nelson et al. 1990), improper grazing (Davies et al. 2011), 
invasive species (D’Antonio and Vitousek 1992; Davies 
2011), and changes in disturbance regimes (Baker 2011; 
Balch et al. 2013). Oil and gas development, along with ur-
banization and land conversion for agriculture and livestock 
grazing, lead not only to habitat loss, but to fragmented habi-
tat patches (Naugle et al. 2011), resulting in barriers to plant 
dispersal, avoidance by greater sage-grouse, and loss of obli-
gate and facultative wildlife species (Rowland et al. 2006). In 
addition to habitat destruction of big sagebrush ecosystems, 
several stressors can cause big sagebrush dieback and reduce 
its biomass and density, including insect pests (Haws et al. 
1990), plant pathogens (Cárdenas et al. 1997; Nelson et al. 
1990), and frost damage (Hanson et al. 1982). Improper use 
by domestic livestock alters the structure and composition 
of big sagebrush ecosystems through the loss of palatable 
components of the plant community (i.e., perennial grasses 
and forbs), along with reducing or increasing big sagebrush 
cover (Anderson and Holte 1981; Brotherson and Brotherson 
1981), and increasing the probability of nonnative annual 
grass invasion (Cooper et al. 2007; Davies et al. 2011; Knapp 
and Soulé 1996). Cheatgrass has reduced the spatial distribu-
tion and habitat quality of sagebrush ecosystems throughout 
much of the western United States (Balch et al. 2013; Brooks 
et al. 2004).

Invasion by cheatgrass will pose an even greater threat to 
big sagebrush ecosystems in the future because of projected 
increases in its biomass production and in fire frequency 
due to rising temperature and CO2 levels (Westerling et al. 
2006; Ziska et al. 2005). Although less studied, field brome 
(Bromus arvensis) can also negatively affect big sagebrush 
plant communities because it can colonize readily after 
stand-replacing fires that eliminate big sagebrushes (Cooper 
et al. 2007).

Several life history traits of big sagebrushes make them 
sensitive to direct and indirect effects of climate change. 
Amount and timing of precipitation control seeding estab-
lishment at low elevation, whereas minimum temperature 
and snow depth control germination and survival at high 
elevations (Nelson et al. 2014; Poore et al. 2009; Schlaepfer 
et al. 2014a). Drought events are projected to increase 
in the western United States in the future (IPCC 2014), 
although the likelihood of increased drought in the Northern 
Rockies Region is uncertain (see Chapter 3). Big sagebrush 
ecosystems remain vulnerable to drought, which may affect 
germination and survival of seedlings because soil water 
content primarily controls seedling survival (Schlaepfer et 

al. 2014a). Big sagebrush seedling survival may be high-
est in intermediate temperature and precipitation regimes 
(Schlaepfer et al. 2014b). Even after seedling establishment, 
drought and increased summer temperature can affect 
survival and growth of adult plants because growth is posi-
tively correlated with winter precipitation and winter snow 
depth (Poore et al. 2009). Thus, if drought events increase 
in frequency and severity in the Northern Rockies region, 
big sagebrush biomass and the abundance and diversity of 
perennial grasses and forbs may decrease.

It is uncertain if big sagebrush species can move in 
concert with shifting temperature and precipitation regimes 
and disperse to available habitat patches and colonize them. 
Most big sagebrush seeds (50–60 percent) are not viable in 
the seedbank after 2 years, with few viable seed in the upper 
soil (Wijayratne and Pyke 2009, 2012). Furthermore, big 
sagebrushes are poor dispersers (Schlaepfer et al. 2014a; 
Young and Evans 1989) and seed production is episodic 
(Young et al. 1989). Even if big sagebrush seeds success-
fully disperse and germinate in response to a changing 
climate, probabilities of seedling establishment and adult 
survivorship are uncertain because big sagebrushes are 
poor competitors relative to associated herbaceous species 
(Schlaepfer et al. 2014a).

Big sagebrushes are sensitive to fire and cannot resprout 
(Shultz 2006). Recovery from seed dispersal can take 50 to 
150 years (Baker 2006, 2011), so postfire recovery may be-
come a problem in the future, if the frequency and intensity 
of fires increase as projected (Abatzoglou and Kolden 2011; 
Westerling et al. 2006). Regeneration of big sagebrushes 
postfire is strongly linked to winter precipitation (Nelson et 
al. 2014), which is expected to increase by 10 to 20 percent 
in the Northern Rockies region by 2100 (IPCC 2014; Shafer 
et al. 2014). Although more frequent fire may result in larger 
losses of big sagebrush habitat in the future, recovery of big 
sagebrushes may be less impeded. It is also possible that 
much of this increased precipitation will come as rainfall 
(Klos et al. 2014), which could, in turn, promote herbaceous 
growth that might suppress sagebrush recovery in some 
instances.

Climate change will result in shifts in the distribution of 
conditions suitable to support big sagebrushes and hence the 
spatial configuration of big sagebrush habitat, with direct 
and indirect effects on sagebrush-dependent species (e.g., 
greater sage-grouse). Several studies using species distribu-
tion modeling (SDM) have projected that big sagebrushes 
will move northward and up in elevation in response to 
increased winter temperatures and summer drought associ-
ated with climate change (Schlaepfer et al. 2012; Shafer 
et al. 2001). Although big sagebrush species may expand 
northward and upslope, their habitat is predicted to contract 
significantly due to increased soil moisture stress, primarily 
at southern latitudes and lower elevations (fig. 7.5).

The probability of big sagebrush regeneration has been 
projected to increase at the leading edge of their range (i.e., 
northern range limit) under future climatic conditions, sug-
gesting potential northward range expansion with climate 
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change (Schlaepfer et al. 2015). This is in part due to chang-
es in habitat suitability because soil water conditions at the 
leading edge will be similar to current soil water patterns in 
big sagebrush systems. Habitat suitability for big sagebrush 
species is predicted to increase primarily in northeastern and 
north-central Montana (Schlaepfer et al. 2015; Schrag et al. 
2011) (fig. 7.5). In contrast, habitat suitability is predicted to 
decrease in parts of the Western Rockies and northwestern 
Greater Yellowstone Area subregions (fig. 7.5), primarily 
from summer drought (Schlaepfer et al. 2012; Schlaepfer et 
al, in review). However, expansion of big sagebrush species 
out of unsuitable habitat and into suitable habitat is con-
tingent on the ability of the species to disperse to available 
habitat patches and compete with other species.

In addition to changes in big sagebrush distribution, 
shifts in community composition and productivity are 
expected with climate change. Because of the uncertainty 
about length and severity of drought events in the future, the 
projected shifts in community composition and productivity 
in big sagebrush ecosystems in response to climate change 
remain uncertain. If drought events do increase in the 
Northern Rockies region, native herbaceous plant diversity 
and cover may be reduced. In contrast, in nondrought years, 
warming temperatures and increased levels of CO2 may 
lead to increased biomass production (Reeves et al. 2014), 
more frequent fires, and increases in herbaceous biomass at 

the expense of fire-intolerant shrubs, such as big sagebrush 
species.

Paleoecological studies have shown that species move in-
dividualistically and at different rates in response to climate 
change, resulting in novel combinations of species (Delcourt 
and Delcourt 1981). Even species in the same functional 
group (e.g., grasses) may respond differentially to climate 
change (Anderson and Inouye 2001). Thus, big sagebrush 
plant communities are unlikely to migrate as a unit in 
response to altered temperature and precipitation. The 
response of individual species to climate change will depend 
on both physiological tolerances and competitive ability.

Shifts in disturbance regimes (e.g., fire, insects, 
pathogens) associated with climate change may affect big 
sagebrush ecosystems in the future. Disturbances affect 
vegetation directly by killing individuals and removing 
aboveground biomass, and indirectly by altering soil condi-
tions. Climate change and disturbance may have additive 
effects on soil water balance in big sagebrush ecosystems, 
decreasing soil water content (Bradford et al. 2014) and 
resulting in diminished growth and regeneration (Poore et 
al. 2009). Increased disturbance frequency could reduce 
the spatial extent of big sagebrush in the future, despite 
increased habitat suitability and regeneration potential, 
because big sagebrush is incapable of resprouting after 
disturbance (Shultz 2006). As with other vegetation types, 

Figure 7.5—Mean and standard deviation of percent of subregions burned across three time spans (historic, 2030–2050, 
2080–2100) and without/with fire suppression.
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there is great uncertainty and variability regarding estimates 
of fire return intervals of stands dominated by big sagebrush 
species. For example, in the Northern Rockies, Lesica et 
al. (2007) suggest that fire return intervals for Wyoming 
big sagebrush are longer than for basin big sagebrush and 
mountain big sagebrush, and range from 50 to 150 years, 
whereas Baker (2011, 2013) and Bukowski and Baker 
(2013) estimate ranges of 200 to about 350 years.

The long fire return intervals to which Wyoming big 
sagebrush is adapted are related to its very slow postfire 
recovery, as low as 2 percent recovery 23 years after fire 
(Lesica et al. 2007). The slow recovery of these systems is 
partly due to slow growth rates and harsher environmental 
conditions in many sites in the Northern Rockies region. 
Basin big sagebrush canopy cover development and growth 
are faster than for Wyoming big sagebrush (Booth et al. 
1990; Lesica et al. 2007; McArthur and Welch 1982). 
Invasive annual grasses such as cheatgrass may exacerbate 
slow growth.

Big sagebrush ecosystems have some capacity to adapt 
to climate change. Big sagebrush species occur over a large 
geographic area with high diversity in topography, soils, and 
climate, suggesting that these species can withstand a rela-
tively broad range of ecological conditions and may tolerate 
shifting climates. Various subspecies of big sagebrush often 
hybridize and have a high level of polyploidy, providing them 
with the capacity to undergo selection and adapt to shifting 
climatic regimes relatively quickly (e.g., Poore et al. 2009).

Although lower soil water availability may pose a threat 
to big sagebrush ecosystems, long periods of sustained 
drought would be needed to cause mortality (Kolb and 
Sperry 1999). Even though big sagebrush habitat suit-
ability is projected to change across space (e.g., decreasing 
suitability in northwestern Wyoming and across much of 
western Montana), big sagebrush species may still persist in 
relatively “unsuitable” habitat for some time, perhaps in a 
degraded state.

Risk Assessment
Magnitude of effects: Highly variable. In northwestern 

Wyoming and western Montana, the effects of climate 
change are likely to be low to moderate. Lower water avail-
ability may cause declines in big sagebrush growth and 
regeneration, facilitating some habitat contraction. However, 
big sagebrush species may expand northward into northern 
and eastern Montana, as habitat suitability increases in fu-
ture decades. Despite this generalization, it is also possible 
that an increase in fire activity will decrease the extent of 
big sagebrush communities in many locations.

Likelihood of effects: Variable. Some contraction in big 
sagebrush habitat may occur in northwestern Wyoming and 
western Montana, particularly at lower elevations, because 
of increased temperature and evapotranspiration. However, 
if big sagebrush can successfully exploit changing climatic 
conditions, the total area covered by big sagebrush species 
in the Northern Rockies region may increase by the end of 
the 21st century. Potential expansion may be tempered by 

faster rates of loss if the cheatgrass-fire cycle tracks new 
habitats in the northeastern part of the region. It is conceiv-
able that drier sites, such as those with sandy soils, may lose 
the ability to regenerate sagebrush, whereas more mesic 
sites might still be able to regenerate.

Communities Dominated by Low Sagebrushes 
(Black and Low Sagebrush)

The current distribution of low sagebrush ecosystems in 
the Northern Rockies region is restricted to about 1 percent 
of the total sagebrush habitat as indicated in the LANDFIRE 
existing vegetation type (EVT) database. The western por-
tion of the Northern Rockies region contains 50 percent 
of the low sagebrush habitat, but limited patches are also 
found in the Eastern Rockies subregion and in the Greater 
Yellowstone Area subregion, especially on the western edge. 
Most of these sites support low sagebrush but not black 
sagebrush. Low sagebrush sites are characterized as rela-
tively low-production areas over shallow, claypan soils that 
restrict drainage and root growth. Low sagebrush is found 
on altitudinal gradients from 2,300 feet to more than 11,500 
feet (Beetle and Johnson 1982), and it is generally found 
between 6,000 and 9,000 feet in Montana and Idaho. In 
contrast, black sagebrush is considerably more restricted in 
ecological amplitude and is found on shallow, dry, infertile 
soils. Current stressors are predominantly improper use by 
livestock and invasion by nonnative species.

Despite growing across a broad range of elevations, low 
and black sagebrush are less common than other sagebrush 
species. Thus, it is reasonable to assume that as climates 
change, ranges could be further restricted, resulting in small 
islands being isolated, although this is more likely for black 
sagebrush because of its poor competitive ability (West and 
Mooney 1972). Both species depend heavily on seeding 
for reproduction (Wright et al. 1979) and recovery from 
disturbance. In addition, several traits make low sagebrush 
species sensitive to climate change. There is high mortal-
ity in the first year of growth (Shaw and Monsen 1990). 
Establishment is probably greatest when a thin layer of soil 
covers the seeds, and if erosion increases from drought-
induced reductions of plant cover, the already thin soils 
may not provide suitable seedbeds for germination. Seed 
development and establishment are best in years with ample 
precipitation, and if unfavorable conditions for seeding 
persist following disturbance, it is reasonable to assume that 
low sagebrush species may disappear from some stands, es-
pecially if annual grass invasion occurs concomitantly with 
unfavorable growth conditions.

Climate change will result in shifts in the distribution of 
conditions suitable to support low sagebrush species and 
hence the spatial configuration of low sagebrush habitats. 
Both low and black sagebrush are intolerant of fire and do 
not resprout. Therefore, increased fire activity will have 
negative consequences for both species. Fire return intervals 
vary considerably among communities dominated by low 
sagebrush species. Estimates of fire return intervals for xeric 
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sagebrush communities of the Great Basin range from 35 
to more than 100 years (Brown 2000; Riegel et al. 2006), 
but intervals of 100 to 200 years for low-productivity black 
sagebrush communities have been reported. Especially for 
black sagebrush, which usually occupies quite unproductive 
sites with small buildup of fuels, these fire return intervals 
may be overestimated (Baker 2013). Within the boundaries 
and on the periphery of the Greater Yellowstone Area subre-
gion, MC2 results indicate that the proportion of landscape 
burned will increase substantially in the future (fig. 7.6), 
allowing a higher likelihood of ignition and flaming fronts 
to reach some low sagebrush communities. The extent to 
which these sites will carry fire depends on herbaceous pro-
duction and probably on magnitude of invasion by annual 
grasses (especially cheatgrass). In summary, climate change 
may influence low sagebrush systems by reducing seedling 
establishment in unfavorable years. In addition, projected 
increased fire activity will decrease the abundance of low 
sagebrush relative to other species, especially if nonnative 
annual grasses, such as medusahead (Taeniatherum caput-
medusae) and cheatgrass, become more prevalent.

Relative to other sagebrush species, low and black 
sagebrush have limited adaptive capacity. Black sagebrush 
hybridizes with silver sagebrush, and sprouting is thought 

to be a heritable trait in crosses between nonsprouting and 
sprouting sagebrushes (McArthur 1994). In the Northern 
Rockies region, however, it is unlikely that silver sagebrush 
will exhibit a significant presence in areas that support 
low sagebrush; the distribution of these species is usually 
disjunctive, so the possibility of inheriting sprouting traits 
is unlikely. In addition, the relatively low productivity 
characterizing low sagebrush sites may also limit adaptive 
capacity, especially if other risk factors are present.

Risk Assessment
Magnitude of effects: High. The resilience of many of 

these areas is low given the thin and argillic soil properties 
characterizing these sites. The magnitude of effects is likely 
to increase if other perturbations such as improper recre-
ational or grazing schemes are present. The low adaptive 
capacity of this sagebrush type, intolerance of fires, and low 
rate of reproduction act in concert to increase the magnitude 
of effects.

Likelihood of effects: Moderate to high. Models suggest 
increased production at higher elevations (Reeves et al. 
2014), increasing the likelihood of fires carrying through 
otherwise relatively unburnable landscapes. The problem of 
increased flammability will increase, especially if invasive 

Figure 7.6—Change in big sagebrush 
habitat suitability (a–d) based on 
species distribution models using 
climate (c)-(d) or ecohydrology (a)-
(b), along with germination (e) and 
seedling survival potential (f) for NR 
(outlined in bold). Projected change 
in big sagebrush habitat suitability 
is between 1970–1999 climate and 
future A2 scenario (a)-(c) and B1 
scenario (b)-(d) 2070–2099 emission 
scenarios. Red cells indicate areas 
of decrease in big sagebrush habitat 
suitability, blue cells indicate areas 
of increase, white cells indicate 
stable areas, and gray cells indicate 
absence of big sagebrush. Maps 
of germination (e) and seedling 
survival (f) represent current 
conditions and are summarized as 
fraction of years with successes: red 
(0, no years with success), tan (>0), 
green (1, every year with success). 
Black cells indicate data not 
available (data source: Schlaepfer et 
al. 2012).
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annual grasses exhibit a significant presence on short sage-
brush sites in the future.

Shrublands Dominated by Sprouting 
Sagebrush Species (Threetip and  

Silver Sagebrush)
Significant areas of threetip and silver sagebrush shrub-

lands have been converted to agricultural lands. Those 
that remain are often used for domestic livestock grazing 
because of the palatable herbaceous undergrowth in this 
sagebrush type. Those that have had chronic improper graz-
ing typically have a large amount of bare ground, low vigor 
of native herbaceous species, and as a result, nonnative plant 
species present in varying amounts. Prolonged improper 
livestock grazing, native ungulate herbivory, and nonnative 
invasive plants are the primary stressors. Loss of topsoil 
can occur if vegetation cover and density decline and bare 
ground increases, primarily caused by ungulate impacts 
(e.g., grazing and mechanical/hoof damage) (Sheatch and 
Carlson 1998; Washington-Allen et al. 2010).

Both species can sprout from the root crown following 
top kill (primarily from fire) (Bunting et al. 1987), but this 
trait depends on site conditions and fire severity. Silver 
sagebrush is a vigorous sprouter (Rupp et al. 1997), whereas 
threetip sagebrush is less successful as a sprouter, and its 
response varies with site characteristics (Akinsoji 1988; 
Bunting et al. 1987). Both species occur on mesic sites; 
threetip sagebrush is often associated with mountain big 
sagebrush communities, and silver sagebrush typically oc-
cupies moist riparian benches or moist toe slopes. Although 
these species will sprout, increased fire frequency and sever-
ity (particularly in threetip communities) may cause a shift 
in community composition to dominance by fire-adapted 
herbaceous species or nonnative species. Other fire-adapted 
shrub species may increase, particularly following fire. In 
addition, if spring and winter precipitation increase, exotic 
annual grasses may establish and set seed earlier than the 
native perennial grasses, particularly in lower elevation 
communities (Bradley 2008; D’Antonio and Vitousek 
1992). This creates an uncharacteristic, continuous fine fuel 
load that can burn by late spring/early summer, burning 
sagebrush and native grasses often before they have matured 
and set seed (Chambers and Pellant 2008). Other nonnative 
invasive species respond favorably after fire, and, if present, 
will increase in cover and density.

Historical fire return intervals for both species are 
relatively short and research shows that threetip sagebrush 
cover can return to preburn levels 30 to 40 years after fire 
(Barrington et al. 1988; Neuenschwander n.d.). Lesica et 
al. (2007) found that after a fire in southwestern Montana, 
threetip sagebrush cover did not increase by resprouting, but 
instead established from seed. These generalizations will 
vary considerably depending on site conditions and postfire 
management. All three subspecies of silver sagebrush sprout 
after fire, and along with threetip, also typically occur on 
more mesic sites. With a warmer and drier climate, not only 

may frequent high-severity burns cause initial mortality, but 
sites may not be as favorable for postfire vegetation regen-
eration (from sprouting, regrowth, or seed). Invasive species 
are likely either to expand into these communities after fire 
or to increase in abundance in altered conditions that are 
less favorable to the native plant community.

Understory composition in both communities may 
possibly shift to more-xeric grassland species (e.g., blue-
bunch wheatgrass, needle-and-thread grass [Hesperostipa 
comata]), which are better adapted to warmer and drier con-
ditions. Both of these sagebrush species may shift landscape 
position to sites with more moisture and cooler temperature 
(e.g., higher elevation, lower landscape position, and north-
east aspects).

Risk Assessment
Magnitude of effects: Moderate
Likelihood of effects: High

Mountain Big Sagebrush Shrublands
Some areas of mountain big sagebrush shrublands have 

been converted to agricultural lands, and those that remain 
are used for domestic livestock grazing, primarily because 
of the palatable herbaceous undergrowth. Those that have 
had chronic improper grazing typically have high bare 
ground and low vigor of native herbaceous species; as a re-
sult, nonnative plant species are present in varying amounts. 
Prolonged improper livestock grazing, native ungulate 
herbivory, and invasive nonnative plants are the primary 
stressors. Loss of topsoil can occur if vegetation cover and 
density decline and bare ground increases due to improper 
grazing and other impacts, primarily caused by ungulates 
(e.g., grazing and mechanical/hoof damage). Lack of fire is 
also a chronic stressor, facilitating establishment of conifers, 
which increase in density and cover over time (Arno and 
Gruell 1986; Heyerdahl et al. 2006) while grass cover de-
clines (Arno and Gruell 1983).

Mountain big sagebrush is killed by fire. If fire severity 
and frequency increase, there will be a shift in com-
munity composition to dominance by fire-adapted shrub 
and herbaceous species and possibly nonnative species. 
Fire-adapted shrub species may increase in abundance 
following fire (Fischer and Clayton 1983; Smith and 
Fischer 1997). In addition, if spring and winter precipita-
tion increase, establishment of nonnative annual grasses 
(particularly cheatgrass, which germinates in winter/early 
spring) may be facilitated, although this is less likely in 
cooler, moister mountain big sagebrush communities than 
in lower elevation Wyoming and basin big sagebrush 
communities. With a warmer, drier climate, however, the 
conditions may be conducive to cheatgrass establishment. 
An abundance of cheatgrass creates an uncharacteristic, 
continuous fine fuel load that can burn by late spring/early 
summer, burning sagebrush and native perennial grasses 
often before they have matured and set seed (Chambers et 
al. 2007; Pellant 1990; Whisenant 1990), especially in the 
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Great Basin. However, other research in the northern edge 
of the Great Basin indicates that some sagebrush com-
munities may be less susceptible to cheatgrass invasion 
following fire, at least under the current climate (Lavin 
et al. 2013; Seefeldt et al. 2007). Other nonnative species 
respond favorably after fire and, if present, will increase in 
cover and density.

Historically, the fire return intervals were relatively 
short but variable—a few decades (Lesica et al. 2007) to 
more than 100 years (Baker 2013)—compared to Wyoming 
big sagebrush habitat (more than 100 years) (Heyerdahl 
et al. 2006; Lesica et al. 2005, 2007). Mountain big sage-
brush regenerates from seeds shed from nearby unburned 
plants. It will fully recover between 15 and 40 years after 
fire (Bunting et al. 1987), depending on site characteristics 
and fire severity. In a warmer and drier climate, frequent 
high-severity burns (facilitated by cheatgrass) may not 
cause initial mortality and create unfavorable conditions 
for postfire regeneration (from sprouting, regrowth, or 
seed). There is no viable sagebrush seedbank; if fires burn 
large areas and there are no live, seed-bearing sagebrush 
nearby, there may be a type conversion to grassland. In 
addition, invasive nonnative species are likely either to ex-
pand into these areas after fire, or to increase in abundance 
due to altered conditions that no longer favor the native 
plant community (Bradley 2008; D’Antonio and Vitousek 
1992).

Mountain big sagebrush is not fire adapted, and may 
decline in cover and density or be extirpated in response to 
warmer temperatures and increased fire frequency and se-
verity. Over time, especially if fine fuels such as senesced 
cheatgrass are present, more frequent fires may eliminate 
mountain big sagebrush from a community (Chambers and 
Pellant 2008; D’Antonio and Vitousek 1992; Whisenant 
1990). However, because mountain big sagebrush occurs 
at higher elevations, typically on more productive cooler, 
mesic sites, these communities are typically less invaded 
by nonnative species. If these sites become warmer and 
drier, however, herbaceous understory composition could 
shift to more xeric species that are better adapted, and bare 
ground may increase (Chambers et al. 2014). As a result, 
invasive species, particularly cheatgrass, could expand into 
and establish dominance in these altered communities.

The distribution of mountain big sagebrush possibly 
may shift to cooler and moister sites (e.g., higher eleva-
tion, northeast-facing snow-filled depressions). With 
climate change, it may be able to persist only in sites with 
higher moisture and deeper soils than the surrounding 
landscape. Understory composition may shift to more-
xeric grassland species, that are more tolerant of warmer, 
drier conditions.

Risk Assessment
Magnitude of effects: Moderate
Likelihood of effects: Moderate

Adapting Rangeland Vegetation 
Management to Climate Change 
in the Northern Rockies Region

Rangeland vegetation in the Northern Rockies Region 
is likely to be affected by changing fire regimes, increased 
drought, and increased establishment of invasive species in 
a changing climate. Effects of climate change will also com-
pound existing stressors on rangeland ecosystems caused by 
human activities. Thus, adaptation strategies and tactics for 
rangeland vegetation focused on increasing the resilience of 
rangeland ecosystems, primarily through invasive species 
control and prevention (table 7.3).

To control invasive species in rangelands, managers 
stressed the importance of using ecologically based invasive 
plant management (EBIPM) (Krueger-Mangold et al. 2006; 
Sheley et al. 2006). The EBIPM framework focuses on strat-
egies to repair damaged ecological processes that facilitate 
invasion (James et al. 2010). For example, prescribed fire 
treatments can be used where fire regimes have been altered, 
and seeding of desired natives can be done where seed 
availability and dispersal of natives is low.

Another adaptation strategy is to increase proactive 
management actions to prevent establishment of invasive 
species. Early detection, rapid response (EDRR) for new in-
vasions was the most frequently suggested tactic to prevent 
invasive species establishment. Other tactics include imple-
menting weed-free policies, conducting outreach to educate 
employees and the public about invasive species (e.g., teach 
people to clean their boots), and developing weed manage-
ment areas that are collaboratively managed by multiple 
agencies, nongovernmental organizations, and the public.

In addition to invasive species control and prevention, 
grazing management will be important in maintaining 
and increasing resilience of rangelands to climate change. 
Climate changes will lead to altered availability of forage, 
requiring some reconsideration of grazing strategies. For ex-
ample, reducing grazing in July and August may encourage 
growth of desired perennials in degraded systems. Livestock 
grazing can also be managed through the development of 
site-specific within-season triggers and end point indicators 
that would inform livestock movement guides and allow for 
the maintenance and enhancement of plant health.

A changing climate has led to a decline of pollinators 
in some communities (Potts et al. 2010) and may lead to 
phenological mismatches between pollinators and host 
plants (Forrest 2015). Pollinator declines may negatively 
affect the health of grasslands in the Northern Rockies, and 
encouraging native pollinators may be key to sustaining 
these ecosystems. Tools to promote native pollinators in-
clude revegetation with native species, appropriate herbicide 
and insecticide use, and education. Implementing long-term 
monitoring of pollinators can help to identify where treat-
ments can be prioritized.

Chapter 7: Effects of Climate Change on Rangeland Vegetation in the Northern Rockies Region
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In montane shrublands, existing stressors include fire 
exclusion and conifer establishment, browsing by both 
native and domestic ungulates, and insects and disease. 
Characteristic species can be lost in these systems with loss 
of topsoil following frequent, hot fires. Warmer tempera-
tures and drier conditions with climate change may lead to 
an increase in high-severity fires. Adaptation tactics include 
implementing fuel reduction projects such as brush cutting, 
slashing, mastication, and targeted browsing; reestablishing 
appropriate fire regimes may prove beneficial in maintaining 
these shrublands and increasing their resilience. To control 
invasive vegetation, EDRR and EBIPM can be applied, 
along with maintenance of adequate shrub cover, vigor, 
and species richness. Educating specialists on ecology and 
disturbances affecting shrublands, effects of repeated burns, 
reforestation needs, and reporting on weeds will also help to 
maintain these systems.

More specific details on adaptation strategies and tactics 
that address climate change effects on rangeland vegetation 
in each Northern Rockies Adaptation Partnership subregion 
are in Appendix 7A.
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Appendix 7A—Adaptation Options for Nonforest 
Vegetation in the Northern Rockies.

The following tables describe climate change sensitivities and adaptation strategies and tactics for nonforest vegetation, 
developed in a series of workshops as a part of the Northern Rockies Adaptation Partnership. Tables are organized by sub-
region within the Northern Rockies. See Chapter 7 for summary tables and discussion of adaptation options for nonforest 
vegetation.
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