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Executive Summary
The purpose of this project was to assemble data and model outputs relevant to managing BLM
sagebrush-steppe lands under climate change in Douglas County, Washington. The project drew
on modeled future climate and distribution of sagebrush steppe and competitors, potential human
impacts, future wildlife conservation needs, and changes to crop production and grazing that may
impact the management of these lands.
There is strong agreement among climate models that the Columbia Plateau ecoregion will
experience higher temperatures, including both warmer summers and winters. There is much
variability among models in the magnitude of these changes and changes in precipitation
patterns, but less snowfall and wetter falls, winters and springs appear likely. These
uncertainties lead to a high degree of uncertainty in future vegetation changes.
This report focuses on where sagebrush steppe is most likely to persist, and how those areas
relate to areas important for conservation or for grazing. We also discuss areas where restoration
might be possible. We present data on projected future vegetation from several modeling efforts,
including both climatic niche models and mechanistic models. Over half of the models projected
the loss of sagebrush from 71% of the county, and exactly half projected the loss of sagebrush
from a further 25% of the county. In general, the mechanistic models projected loss of sagebrush
while the niche models projected more areas of sagebrush persistence. Our interpretation of
these projections is that, although the climate will remain suitable for sagebrush steppe, other
species will likely outcompete sagebrush under the altered climatic conditions. Thus, active
management in the places that are projected by the niche models to remain suitable could result
in the persistence of sagebrush steppe.
We further present data on conservation priorities, including areas of high landscape integrity
and local connectedness, areas with high importance for conserving regional wildlife
connectivity, areas with high restoration potential, and areas identified by a multi-agency group
as “Priority Conservation Areas.” Finally, we summarize existing data on sensitivity of lands to
climate change, including climate vulnerability and likelihood of future suitability for cheatgrass
(Bromus tectorum) and for forest encroachment.
Finally, we recommend management actions for the BLM to prepare for climate impacts. In
general, we recommend focusing on establishing baseline conditions, defining goals, and
monitoring for vegetation changes and invasive plants. In particular, we recommend areas to
prioritize conservation, which are ranked high in terms of conservation importance and are
currently in good condition, and which have low grazing productivity. We recommend areas that
are likely targets to continue as grazing lands based on lower priority for conservation and likely
persistence of sagebrush steppe despite climate changes. Finally, we identify priority restoration
parcels, which are predicted to lose sagebrush-steppe habitat without management intervention,
and which could, if restored, facilitate conservation goals in the region.
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Introduction
The Columbia Plateau ecoregion has been the focus of much recent research regarding climate
change and conservation planning. Within the Columbia Plateau, Douglas County, Washington
has been identified as a proof-of-concept area for conservation planning by the Arid Lands
Initiative, a consortium of state and federal agencies and non-profit organizations. The county
includes important wildlife habitat for sagebrush-steppe species including the Greater SageGrouse, and is important for wildlife habitat connectivity in the region. Nonetheless, intact
sagebrush steppe covers a relatively small portion of the county—much of the rest being
dedicated to agriculture and grazing.
Models based on downscaled climate projections, as well as vegetation projections, for the entire
Columbia Plateau ecoregion were summarized as part of the Pacific Northwest Climate Change
Vulnerability Assessment in a report titled Climate Vulnerability and Adaptation in the
Columbia Plateau, Washington (Michalak et al. 2014). The report noted that there is agreement
among models that the Columbia Plateau ecoregion will experience higher temperatures (an
average annual increase of approximately 3-8°F by the end of the century), including both
warmer summers and winters. There is less agreement about precipitation patterns, but less
snowfall, and wetter falls, winters, and springs are likely (Michalak et al. 2014).
Sagebrush steppe has historically been the dominant vegetation type in Douglas County, but this
ecosystem is now imperiled, with very little undisturbed habitat remaining. Douglas County has
lost an estimated 54% of its sagebrush steppe and much of the remaining sagebrush steppe is
degraded. Nonetheless, sagebrush communities support many species, including specialized and
endemic species. Most sagebrush-steppe lands with deep soils have been converted to
agriculture, whereas unconverted lands are generally used for grazing (WDFW & NWF 2011).
This report explores the potential impact of climate change on conservation and grazing lands.
Specifically, we identify areas within the lands in which sagebrush-steppe is likely to persist over
the next 85 years as the climate continues to change. We also discuss areas where restoration
might be possible.

Functional Sagebrush-steppe Habitat
Current distribution
Natural vegetation in Douglas County is fragmented by development, including roads, as well as
agriculture. Figure 1 shows the current distribution of land cover, including shrub-dominated,
grass-dominated, agricultural, and urban lands. These data are a composite of GAP National
Land Cover, GAP Potential Ecological System Modifiers, and Landfire Existing Vegetation
Type, and are available from the Washington Wildlife Habitat Connectivity Working Group
(WHCWG) at waconnected.org (WHCWG 2010). Figure 1 also shows some of the highest
quality sagebrush steppe remaining in the county.
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Figure 1. Current land cover and areas of highest landscape integrity. Brown indicates
current shrub-dominated vegetation. Cross-hatching are areas of high landscape integrity.
Landscape integrity is best 30% landscape integrity from the Washington Wildlife Habitat
Connectivity Working Group (WHCWG 2010).

The Nature Conservancy’s Resilient Terrestrial Landscapes project quantifies the condition of
remaining natural vegetation in the Pacific Northwest, and Figure 2 shows the landscape
intactness values for Douglas County. Landscape intactness is calculated as a function of the
resistance of surrounding cells: that is, the intactness of a given cell is defined as the extent to
which species and ecological processes flow into or out of that cell and are impeded or facilitated
by the surrounding landscape. The resistance values were mapped based on land cover and land
use (Buttrick et al. 2015).
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Figure 2. Landscape intactness from The Nature Conservancy’s Resilient Terrestrial
Landscapes project (Buttrick et al. 2015).

Both the landscape intactness and the landscape integrity approaches show similar patterns
across Douglas County, with remaining shrub-steppe and grass-dominated ecosystems included
in the most intact areas around the perimeter of the county, especially in the northeast and
southwest corners, and along Moses Coulee, extending from the south-central part of the county
towards the northeast. Many of the BLM allotments, outlined in green in Figure 2, have high
landscape intactness scores (see Table 1).

Climate change and future functional sagebrush-steppe habitat
Sagebrush steppe has historically been the dominant vegetation type in Douglas County, and a
key concern of managers is whether it will remain so. We compiled information from five
modeling efforts for the end of the century, based on the A2 SRES emissions scenario, a
relatively high emissions scenario which is characterized by relatively slow social change in
response to climate change (Intergovernmental Panel on Climate Change 2015). In all, we
explored the outputs of 18 models that projected future ranges of vegetation types or sagebrushsteppe associated species. Each of these modeling efforts is summarized below, along with
results for each global circulation model (GCM).
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Inter-Mountain Basins Big Sagebrush-Steppe Climatic Niche Model
In their niche-model projections, Case and Lawler (2012) projected that the range of Artemisia
tridentata (Big Sagebrush) will remain climatically suitable throughout Douglas County. These
climatic niche models were created from digital range maps and approximately 40 climatic
variables (see Michalak et al 2012, Appendix B, Table B1) at an approximately 1-kilometer
resolution. Maps are not included here because there is no spatial variation across the county.
North America Vegetation Biomes Climatic Niche Model
Projected biome shifts across North America, based on climatic niche models, indicate that at
least some of the county should remain climatically suitable for sagebrush steppe. These models
also predict areas of no-analogue climate and pockets of conifer forest and Great Basin desert
scrub in Douglas County (Figure 3, Rehfeldt et al. 2012).

Figure 3. Historical and projected future vegetation types based on correlative climatic niche
models. Future projections are based on the outputs from three GCMs run for the A2 SRES
emissions scenario (Rehfeldt et al. 2012).

Lund-Potsdam-Jena Dynamic Global Vegetation Model
The Lund Potsdam Jena (LPJ) Dynamic Global Vegetation Model is a mechanistic model that
incorporates processes including plant growth, fire, and competition among plant functional
types. This model includes the physiological responses of plants to changes in temperature,
precipitation, and atmospheric carbon dioxide concentrations. The model projects that all or
nearly all sagebrush steppe in Douglas County will be replaced by grassland steppe or forest
(Figure 4).
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Figure 4. Historical and projected future vegetation cover using the process-based Lund
Potsdam Jena model. Future projections are based on the outputs from five GCMs run for the
A2 SRES emissions scenario from 2070-2099 (Shafer, 2013).

MC1 MAPSS-CENTURY Dynamic Global Vegetation Model
The MC1 MAPSS-CENTURY Dynamic Global Vegetation Model is a mechanistic model that
incorporates processes including fire and competition between woody and herbaceous plants.
The model also incorporates plant responses to changes in temperature, available soil water, and
nutrients (Rogers et al. 2011). The resulting projections show varying degrees of forest
encroachment into the lands currently dominated by the shrubland plant functional type (Figure
5).
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Figure 5. Projected vegetation change using the MC1 process-based model. Future
projections are based on the outputs from three GCMs run for the A2 SRES emissions scenario
(Rogers et al. 2011). Modeled historical vegetation types are compared to Kuchler’s 1975
classification of North American vegetation types (Kuchler 1975).
Figure 6 shows the number of models that predict presence of sagebrush steppe in Douglas

County at the end of this century. The top panel includes the 8 mechanistic models: 5
projections of the LPJ mechanistic model (Shafer 2013) and 3 projections of the MCI
mechanistic model (Rogers et al. 2011). The bottom panel includes the 8 niche models: 5
projections of climate envelope models for Artemisia tridenta (Case & Lawler 2012) and 3
projections of climate envelope models for Great Basin Shrub-Grassland vegetation community
(Rehfeldt et al. 2012). Note that this figure shows climatic suitability for sagebrush but does not
account for other land uses (that is, existing agriculture and urban areas).
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Figure 6. Areas of likely continued sagebrush-steppe presence based on 8 mechanistic models
(top) and 8 niche models (bottom) projecting vegetation types or sagebrush steppe-associated
species. Darker red shades indicate greater percentage of models predicting future sagebrushsteppe presence.
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Over half of the models projected the loss of sagebrush from 71% of the county, and exactly half
projected the loss of sagebrush from a further 25% of the county. In general, the mechanistic
models projected loss of sagebrush while the niche models projected more areas of sagebrush
persistence. Our interpretation of these projections is that, although the climate will remain
suitable for sagebrush steppe, other species will likely outcompete sagebrush under the altered
climatic conditions. Thus, active management in the places that are projected to remain suitable
by the niche models has the potential to result in the persistence of sagebrush steppe. Figure 7
shows areas where sagebrush is likely to be present in the future according to three criteria: 1)
currently sagebrush dominated (according to WHCWG land cover data); 2) over half of 16
models predicting future sagebrush; and 3) land is in greatest 50% of "intactness" (according to
TNC landscape intactness layer). This area covers only 5.6 square miles (0.3%) of the county.

Figure 7. Most likely future sagebrush distribution (in brown). These lands are currently
sagebrush dominated with minimal human development and are likely to remain sagebrush
dominated under future climates.

In summary, it is unclear whether Douglas County will continue to support functional sagebrushsteppe habitat. On average across all BLM allotments in the county, approximately half of
models predict sagebrush presence at the end of the century. Sagebrush steppe could be replaced
by grassland or trees. This will depend a great deal on interactions of grazing management,
cheatgrass control, and fire.
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Forest encroachment
A major concern for managers is whether forest will encroach on lands currently in sagebrush
steppe. Based on the models of vegetation types described above and soil depth, we mapped
areas where forest encroachment might occur in the future (Figure 8). We used the USGS soil
depth layer from the human footprint analysis (available from
http://sagemap.wr.usgs.gov/HumanFootprint.aspx), which is derived from the "rockdep" attribute
in the STATSGO COMP database (Leu et al. 2008), and both of the dynamic vegetation models
used relatively course resolution soils data (Kern 1995; Shaffer 2011; Rogers et al. 2011). We
masked out areas with soil depth less than 40 inches as unlikely to support significant forest
growth.

Figure 8. Top panel shows number of models that predict climatically suitable conditions for
forest across Douglas County. Bottom panel masks out all areas with soil depth <40 inches
and <5 models predicting forest.
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Cheatgrass encroachment
Cheatgrass (Bromus tectorum) is a primary invasive species of concern in the Columbia Plateau
ecoregion, and climate change could influence the competitive ability of this invasive species in
multiple ways. Disturbances, including fire and grazing, play a significant role in mediating
competition between cheatgrass and native perennial bunchgrasses. Cheatgrass has a competitive
advantage over bunchgrass in areas where these disturbances have damaged native grasses,
shrubs, and biological soil crusts (Melgoza et al. 1990; Knapp 1996). If climate changes
negatively impact perennial bunchgrasses, then cheatgrass may be more likely to establish in
place of these native grasses. Cattle will graze cheatgrass when it first greens, before other forage
plants are available (Knapp 1996). Consequently, grazing can be used to control cheatgrass if it
is timed to occur early in the growing season when cheatgrass has become active, but other
perennial grasses are still dormant (Diamond et al. 2009). However, experiments have found
that carbon dioxide fertilization decreases cheatgrass palatability by increasing the growth of
indigestible plant material (i.e., the cellulose and lignin content of the plant) and increasing the
carbon-to-nitrogen ratio (Ziska et al. 2005).
Cheatgrass and fire create a positive feedback loop: cheatgrass causes a shorter fire return
interval (5-7 years, instead of greater than 30; Ziska et al. 2005), and cheatgrass uses water
(Melgoza et al. 1990) and nutrients particularly efficiently after a fire (D’Antonio & Vitousek
1992), giving it a competitive advantage during the re-establishment phase. Mechanistic models
project an intensification of the fire cycle in the Columbia Plateau with more frequent and
intense wildfires expected (Rogers et al. 2011), which in turn can be expected to impact and be
impacted by cheatgrass abundance.
Using a climatic niche modeling approach, Bradley (2009) projected the current and future range
of suitable habitat for cheatgrass based on temperature and precipitation (Figure 9). The model
results suggest that the northeastern part of the county currently has the most suitable climate for
cheatgrass, and that this area is most likely to remain suitable in the future. Models predict that
the climate throughout the county will remain suitable or lose suitability (depending on the
climate model), and 3-4 out of 10 models predict that the northeastern part of the county may
remain suitable. The majority of models predict lower climatic suitability for cheatgrass
throughout the county. The Bradley modeling effort, however, was parameterized in the Great
Basin, so caution should be used in interpreting the results for Douglas County which is at the
edge of the species’ range.

11

Figure 9. Current and future predicted climatic suitability for cheatgrass in Douglas County,
Washington. Upper left panel shows current climatic suitability (not actual distribution).
Upper right panel shows number of climate models, out of 10, that predict future climatic
suitability. Bottom panels show scenarios of the maximum loss of suitability (left) and minimum
loss of suitability (right).

The climatic niche models identified summer precipitation and winter temperatures as being the
two most important drivers of climatic suitability for cheatgrass (Bradley 2009). Cheatgrass has a
particular advantage when water is scarce because its shallow root system and earlier growth
cycle allow it to access available water before native plants (Loik 2007; Bradley 2009).
Therefore, cheatgrass benefits if summers become drier or precipitation regimes shift in timing in
such a way as to stress perennial bunchgrasses. In the Columbia Plateau, while mean annual
precipitation is projected to increase under the majority of climate-change scenarios, summer
precipitation is projected to decrease under all climate-change scenarios reviewed in this report.
Rising winter temperatures and increasing summer precipitation reduce climatic suitability for
cheatgrass (Bradley 2009), so these will be important variables to monitor as potential indicators
of ecological change. Importantly, climatic niche models do not account for carbon dioxide
fertilization, which has been found to increase aboveground biomass of cheatgrass (Ziska et al.
2005).
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Unfortunately, projected changes in the distributions of other invasive plant species are not (to
our knowledge) available. Evaluating the future threat of other invasive species is a key gap in
this analysis and could be a focus area for future efforts.

Greater Sage-Grouse Climatic Niche Model
Current and future distribution of Greater Sage-Grouse was modeled using a climatic niche
model (Langdon 2013). These models, which incorporated bioclimatic models and current land,
predict small changes to the future distribution of the Greater Sage-Grouse, primarily in the lands
between Waterville and Wenatchee and in the northeast section of the county (Figure 10).

Figure 10. Modeled historical and projected future Greater Sage-Grouse distribution based on
correlative climatic niche models for the A2 (high) emissions scenario and two GCMs.

Conservation Priorities
Conservation priorities have been agreed upon by the Arid Lands Initiative (ALI), a consortium
of interested government agencies and non-profit organizations (Arid Lands Initiative 2014).
Areas important for wildlife connectivity were summarized by the Washington Wildlife Habitat
Connectivity Working Group (WHCWG 2010, 2012). Both the WHCWG and the ALI efforts
were collaborations between many government agencies, nonprofit organizations, and other
stakeholders.
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We used the ALI’s Priority Conservation Areas (PCAs), which encompasses 20% of the
Columbia Plateau ecoregion. To define these PCAs, the ALI team used the conservation
prioritization software Marxan to identify the areas that could best contribute to the following
conservation priorities identified by the consortium:









Shrub-steppe and dry grassland vegetation communities
Transitional woodlands
Dunes
Riverine systems
Depressional wetlands
Cliffs, talus and caves
Grouse
Burrowing animals.

Several PCAs are within or overlap Douglas County, and some of these overlap BLM allotments
(Figure 11).

Figure 11. Climate vulnerability rankings of the Arid Land Initiative’s Priority Conservation
Areas (PCAs). Only large PCAs were ranked for climate vulnerability. Rankings incorporated
vegetation types of concern, riparian areas, and habitat for species of concern.
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Climate Vulnerability in Core Conservation Areas
Building on the analysis described above, the Arid Lands Initiative evaluated climate
vulnerability in each of its Priority Conservation Areas (Arid Lands Initiative 2015). To evaluate
vulnerability, the ALI assessed exposure, sensitivity, and adaptive capacity.
 Exposure: climate change velocity for A1B scenario
 Sensitivity: various measures of vegetation and shrub-steppe associated species’ range
contractions due to climate change; vegetation instability; PCA sensitivity
 Adapative capacity: resilience (TNC); amount of PCA protected; current condition
(Natureserve)
These scores were then combined to create a ranking of PCAs (Figure 11). Ranks are relative to
other ALI PCAs and do not reflect an absolute degree of vulnerability. Only large PCAs were
ranked, so BLM allotments that were not included in a larger PCA do not have a ranking.

Connectivity corridors
The Washington Wildlife Habitat Connectivity Working Group (WHCWG) evaluated
connectivity for 11 focal species, as well as for a more general measure of landscape integrity,
across the Columbia Plateau ecoregion. Detailed connectivity plans for each of these is available
online at waconnected.org. By summing the areas most important for connectivity across the
Columbia Plateau, researchers identified a connectivity “backbone” important for many species
across the region. This backbone, a key priority for maintaining connectivity for wildlife in the
region, runs through Douglas County and intersects several large BLM allotments (Figure 12).
Another analysis by the WHCWG identified key restoration opportunities for each species.
These maps are also available at waconnected.org. We include here (in Figure 13) the key
restoration opportunities – areas where restoration would most improve connectivity (McRae et
al. 2012) - for the 11 focal species within Douglas County (Columbia Plateau addendum chapter
13). In general, there is a large amount of overlap between BLM allotments and opportunities to
restore connectivity. Of the 568 square miles identified as “high” or “highest” restoration
improvement score, 244 square miles of these is currently in agriculture and might therefore
present viable restoration opportunities (Figure 14). Other land cover in areas identified as high
restoration potential includes 212 square miles dominated by shrubland and 72 square miles
dominated by grassland. Note that although shrubland and grassland are designated as the
primary land cover, these areas also include non-natural elements.

Other conservation goals
This report summarizes areas that are important for conserving sagebrush-steppe habitat, wildlife
connectivity, and Priority Conservation Areas identified by the Arid Lands Initiative in the face
of climate change. Other conservation goals are not considered in the report and will need to be
evaluated separately. Notably, protection of riparian areas, especially from grazing and
trampling by cattle, is a key concern as changes in climate will alter water dynamics in this semiarid zone. Finally, soil erosion, other species of conservation concern, and climate corridors
(waconnected.org) were not considered in this report.
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Figure 12. Priority connectivity
areas. Map A (top) shows the
“connectivity backbone” running
north to south along the western
portion of the Columbia Plateau
ecoregion, and Map B (bottom)
shows details of connectivity
priority areas within Douglas
County and in relationship to BLM
allotments.

A

B

Figure 12
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Figure 13. Restoration potential. Areas where restoration would most improve connectivity for
11 focal species, as defined by the Washington Wildlife Habitat Connectivity Working Group.

Figure 14. Land cover (from WHCWG, see Figure 1) in areas designated “high” or “highest”
restoration improvement scores (from Figure 13).
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Agriculture
Agriculture in Douglas County covers 814,000 acres of land, accounts for 33% of jobs in
Douglas County, and includes production of wheat, apples and cattle (USDA 2012; Douglas
County 2015). Annual crop sales totaled about $196 million, accounting for 98% of the market
value of agricultural products sold, while livestock sales totaled about $3 million (USDA 2012).

Grazing
Grazing is a relatively minor source of revenue for Douglas County, with approximately 7500
cattle in the county accounting for 2% of market value of agricultural products (USDA 2012).
We summarized the relative productivity of BLM allotments (Figure 15) in terms of animal unit
months per acre. Livestock production is expected to be impacted by climate change via several
pathways: forage quality, animal health and productivity, changes to diseases and pests, and
price of feed grains (Walthall et al. 2012). Forage quality will be impacted by the quantity and
timing of precipitation, potential lengthening of the growing season with milder winter
temperatures, and carbon dioxide fertilization. Both increased temperature and carbon dioxide
fertilization generally reduce the nutritional value of individual plants, but the impact of these
forces on vegetation community structure is likely to have an even greater influence on forage
quality. Precipitation will likely be the primary driver of change, and there is a high degree of
uncertainty in estimates of future precipitation. It is therefore difficult to make assumptions
about changes in future forage quality.
The warmer, drier summers predicted for Douglas County will likely lead to less productivity
and more livestock deaths due to extreme weather (Walthall et al. 2012). Milder winters may
offset some of the productivity effects. The distribution of animal diseases and parasites will
likely change with future climatic changes. Of particular relevance to Douglas County, warmer
winters may increase survival for parasites and pathogens (Walthall et al. 2012).
A drier climate will have negative impacts on grazing, and managers can adapt to these impacts
via several pathways. First, to directly help animals adapt, researchers recommend providing
extra water and shade, providing careful nutritional management, developing breeds that are
better able to tolerate heat extremes, and considering switching to different species of livestock.
As variability in climatic conditions continues to increase, shifting management focus to weather
extremes, as well as increased monitoring of rangeland conditions, will be beneficial (Walthall et
al. 2012). In addition to these adaptations, (Howden et al. 2007) note that increased care must be
taken to align stocking rates with changing pasture productivity and that adjusting the timing and
rotation systems of grazing may be necessary. Finally, some researchers call for reducing or
entirely removing livestock grazing from large areas of federal lands, because detrimental effects
of cattle grazing will hamper these ecosystem’s ability to adapt to climate change, and because
grazing on federal lands results in a net cost to taxpayers (Beschta et al. 2013).
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Figure 15. Relative productivity of BLM grazing allotments in animal unit months per acre.
Allotments with no productivity are either closed, currently unleased, or have no data available.

Winter wheat production
Currently, approximately 164,000 acres of wheat are harvested annually in Douglas County
(Figure 16). This acreage has varied considerably since the USDA started recording data in
1939, but there is no clear trend across this time period (Figure 17). However, the amount of
land in wheat production has declined steadily since a local peak of 238,000 acres in 1996.
Many external factors are expected to drive the amount of wheat harvested, including amount of
land in the Conservation Reserve Program, wheat prices, and climate.
Detailed data on crops harvested for the past 7 years are available from USDA’s Cropscape
program. During that time, the amount of fallow or idle cropland has increased from
approximately 154,000 acres to 170,000 acres (Figure 18). Meanwhile, the acreage of canola has
increased dramatically, from 63 acres in 2007 to over 6,000 acres in 2013 (Figure 19).
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Figure 16. Distribution of wheat, canola, and idle or fallow cropland. From USDA Cropscape
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Figure 17. Total acres of wheat harvested in Douglas County from 1939-2012 (USDA 2014).
The dotted line represents the trend line for the data.
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Figure 18. Acres of fallow or idle cropland in Douglas County (USDA Cropscape).
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Figure 19. Acres of canola in Douglas County (USDA Cropscape).

Yields of winter wheat are generally increased by carbon-dioxide fertilization and decreased by
water stress (Brown & Rosenberg 1999; Eitzinger et al. 2003). A future climate in the Columbia
Plateau with increased fall, winter and spring precipitation and hotter summers would therefore
be likely to increase winter wheat yields. In a study comparing the amount of land allocated to
corn, wheat, sorghum or soybeans, based on soil water-holding capacity and land available for
rain-fed agriculture, researchers found that lands allocated to wheat production are expected to
expand in a warmer, drier climate (Hubbard & Flores-Mendoza 1995). Finally, a fourth study
also found that wheat production is likely to expand northward in North America (Ortiz et al.
2008). Meanwhile, warmer winter temperatures could lead to increased outbreaks of both
diseases and insect pests (Walthall et al. 2012).
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Synthesis and Management Recommendations
There is strong agreement among climate models that the Columbia Plateau ecoregion will
experience higher temperatures, including both warmer summers and winters. But how these
changes will impact future vegetation is less certain, due largely to disagreement among climate
models in terms of timing and quantity of precipitation. As fire regimes and climate shifts, some
parts of the county are likely to become more suitable for invasive species including cheatgrass.
Meanwhile, parts of the county are likely to become unsuitable for the current dominant
vegetation type, sagebrush steppe. The southern part of the county, and along Moses Coulee, are
the areas most likely to remain in sagebrush-steppe vegetation. Meanwhile, agriculture will
continue to be a major driver of land use in the county, and the county’s growing population will
likely contribute to land cover change (Figure 20).
45,000
40,000
35,000

Population

30,000
25,000
20,000
15,000
10,000
5,000
1970

1980

1990

2000

2010

2020

Figure 20. Population of Douglas County.

Of particular note is Moses Coulee and surrounding areas. This zone of the county, roughly
from Jameson and Grimes Lakes in the center of the county and proceeding south, is ranked high
for landscape intactness and landscape integrity. Between half and 2/3 of climate projection
models predict that the area will remain suitable for sagebrush steppe in the future. The area is
generally considered important for wildlife connectivity, and is also ranked as an Arid Lands
Initiative Priority Conservation Area with medium-high climate vulnerability. Several BLM
allotments are in the northern part of the coulee: allotments #771, 789, 971, 2706, and 2708.
These allotments are generally ranked low in terms of grazing productivity. This area, therefore,
seems suitable to be managed primarily for conservation of sagebrush-steppe ecosystems and
wildlife.
The highest ranked allotments in terms of grazing productivity (allotments #775, 10862, 967, and
756) are not designated as ALI Priority Conservation Areas. These allotments have varying
degrees of importance for connectivity, restoration potential, and likelihood of persistence of
sagebrush steppe (see Table 1). The largest of these allotments, #775, is likely to remain in
sagebrush steppe and has medium-high landscape intactness. It is designated as medium
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importance for wildlife connectivity. This allotment, therefore, seems appropriate to remain a
productive grazing allotment into the future.
Management of BLM allotments in a changing climate will benefit from flexibility and from
keeping options open. In general, analysis of future scenarios would benefit from more
knowledge of current conditions on the ground. Some management recommendations that we
have identified in this process are:











Evaluate condition of areas targeted for conservation or altered management – especially
presence and abundance of invasive plants.
Shift grazing management to focus on extreme weather conditions, rather than average
conditions, to prepare for increased variability in both temperature and precipitation.
Develop flexibility in timing and rotation systems for grazing in order to align stocking
rates with changing pasture productivity.
Establish baseline cheatgrass abundance, especially in areas with high current climate
suitability and high expected climate suitability in the future (e.g., in the northeast corner
of the county). Set up monitoring program as necessary.
Identify and monitor for other invasive plant species, including Centaurea solstitialis
(yellow starthistle), Taeniatherum caput-medusae (medusahead) and Ventenata dubia
(ventenata grass).
In general, there is a large amount of overlap between BLM allotments and opportunities
to restore habitat connectivity for wildlife. Evaluate on-the-ground condition and
potential for key restoration opportunities identified by the WHCWG (Figure 13). In
particular, focus on areas that are within the ALI Priority Conservation Areas but that are
at high risk for loss of sagebrush, such as parcels #757, 10829, 10839, and 10856. These
parcels represent an opportunity to conserve habitat in important and vulnerable regions
of the county.
Monitor vegetation in areas where models predict loss of sagebrush.
Monitor for establishment of trees in areas where models predict forest encroachment,
specifically, parcels #746, 749, 750, 756, 759, 958, 967, 968, 10829, 10831, 10841, and
10883.
Define goals. Does the BLM want to maximize forage for grazing? Conserve sagebrush
steppe for as long as possible, even in places where it is likely to become unsuitable
eventually? Maximize the dollar return on the land (that is, converting to wheat
production where that will become more economical than grazing)?
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Table 1. Rankings of conservation priorities, climate threats, and grazing productivity for each BLM allotment. Table is sorted first by
climate vulnerability criterion (ALI climate vulnerability ranking & likelihood of future sagebrush-steppe absence), then by conservation
priorities (ALI Priority Conservation Area & landscape intactness).
CLIMATE VULNERABILITY

GRAZING
PRODUCTIVITY

CONSERVATION PRIORITIES

Allotment
number

ALI climate
vulnerability
ranking

Likelihood of
sagebrushsteppe
absence

Likelihood of
cheatgrass

Likelihood of
forest
encroachment

ALI Priority
Conservation
Area

Landscape
intactness

Connectivity
priority

Restoration
priority

Productivity

10829
936
972
932
10839
10856
778
782
954
10816
770
790
965
20837
868
10900
926
942
2706
2708
789

High
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high

High
High
High
High
High
High
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-low
Medium-low
Medium-low
Medium-low

Medium-high
Medium-low
Medium-high
High
High
High
Medium-high
Medium-high
Medium-high
High
Medium-high
Medium-high
Medium-high
High
Medium-high
High
High
High
Medium-high
Medium-high
Medium-high

Medium-high
Low
Low
Medium-low
Medium-low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium-high
Medium-high
Low
Low
Low
Low
Low

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Low
High
High
Medium-high
Medium-high
Medium-high
High
High
High
High
Medium-high
Medium-high
Medium-high
Medium-high
Medium-low
Medium-low
Low
High
High
High
Medium-high

High
Medium
No
Medium
Medium
Low
Low
Medium
High
No
Medium
Medium
High
No
High
High
High
Low
High
High
High

Highest
No
No
No
Highest
Highest
Medium
High
Medium
No
Partial
Medium
Highest
Medium
High
Highest
High
No
No
High
Medium

Unranked/0
Unranked/0
Unranked/0
High
High
Unranked/0
Low
Medium
High
High
Low
Unranked/0
Low
Medium
Medium
Medium
High
Medium
Unranked/0
Unranked/0
Low
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CLIMATE VULNERABILITY

GRAZING
PRODUCTIVITY

CONSERVATION PRIORITIES

Allotment
number

ALI climate
vulnerability
ranking

Likelihood of
sagebrushsteppe
absence

Likelihood of
cheatgrass

Likelihood of
forest
encroachment

ALI Priority
Conservation
Area

Landscape
intactness

Connectivity
priority

Restoration
priority

Productivity

780
971
773
779
785
776
786
771
766
10891
964
757
973
10862
958
962
968
10841
10879
10883
767
746
750
756
935

Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-low
Medium-low
Medium-low
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked

Medium-low
Medium-low
Low
Low
Low
Low
Low
Low
Medium-high
Medium-low
Low
High
High
High
High
High
High
High
High
High
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high

Medium-high
Medium-high
Low
Medium-low
Medium-high
Low
Medium-low
Medium-high
Medium-low
Low
Low
Medium-high
High
Medium-high
Medium-high
Low
Medium-high
High
Medium-high
Medium-high
Medium-low
Medium-high
Medium-high
Medium-high
High

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium-low
Low
Low
Medium-high
Low
Medium-high
Medium-high
Medium-low
High
Low
High
Medium-high
High
Low

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
Yes
Yes
Yes
No
No

Medium-low
Medium-low
High
High
High
Medium-low
Medium-low
Low
Low
Medium-high
Medium-high
Medium-low
Medium-high
Medium-low
Low
Low
Low
Low
Low
Low
Medium-high
Medium-low
Low
High
Medium-high

High
Medium
Low
Low
Low
Medium
Medium
High
No
No
No
Low
High
High
No
No
High
Low
Medium
High
No
No
Low
Low
Medium

High
High
No
Partial
Medium
Medium
Medium
Partial
High
Medium
Medium
Highest
Highest
Highest
High
Medium
Medium
Highest
Highest
High
Medium
High
High
No
High

Medium
Low
Low
Low
Low
Medium
High
Low
Medium
High
High
High
High
High
Low
Medium
Unranked/0
Unranked/0
Medium
Low
Unranked/0
Unranked/0
Unranked/0
High
Medium
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CLIMATE VULNERABILITY

GRAZING
PRODUCTIVITY

CONSERVATION PRIORITIES

Allotment
number

ALI climate
vulnerability
ranking

Likelihood of
sagebrushsteppe
absence

Likelihood of
cheatgrass

Likelihood of
forest
encroachment

ALI Priority
Conservation
Area

Landscape
intactness

Connectivity
priority

Restoration
priority

Productivity

749
967
10831
759
763
774
745
781
10916
775
940
950
10909

Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked
Unranked

Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-high
Medium-low
Medium-low
Medium-low
Medium-low
Medium-low
Medium-low
Low

Medium-high
Medium-high
Medium-high
Medium-low
High
Medium-high
Low
Low
Low
Medium-high
Low
Medium-high
Low

Medium-high
High
High
Medium-high
Low
Low
Low
Low
Low
Low
Low
Medium-high
Low

No
No
No
No
No
No
Yes
Yes
No
No
No
No
No

Medium-low
Medium-low
Medium-low
Low
Low
Low
Medium-low
Low
High
Medium-high
Medium-high
Medium-low
High

Low
No
No
No
Medium
No
No
Low
Medium
Medium
Low
No
Low

Highest
No
No
Highest
Highest
No
High
Partial
Medium
Partial
Medium
Highest
No

Medium
High
Medium
Medium
Low
Low
Unranked/0
Medium
Medium
High
Low
Low
High
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List of Spatial Data Layers
Table 2. Data layers accompanying this report. These data layers have been made available to
BLM partners (contact Chris Sheridan).
Layer name

Author

Current land cover
Landscape integrity
Landscape intactness

WHCWG
WHCWG
TNC

Greater Sage-Grouse habitat
projections
Future vegetation types
Lund Potsdam Jena (LPJ)
vegetation projections
Future vegetation models
Composite model agreement for
sagebrush steppe, end of century
Composite model agreement for
forest encroachment
Predicted future cheatgrass
suitability
Climate vulnerability rankings of
ALI’s Priority Conservation
Areas
Priority for connectivity
Restoration for connectivity
BLM allotment productivity
Distribution of wheat, canola,
and idle or fallow cropland.

Langdon

Figure 10

Rehfeldt
Shafer

Figure 3
Figure 4

Rogers
This report

Figure 5
Figure 6

This report

Figure 8

Bradley

Figure 9

ALI

WHCWG
WHCWG
BLM
Cropscape

Web address for
more information
waconnected.org
waconnected.org
nature.ly/resilienceN
W

Figure number
(this report)
Figure 1
Figure 1
Figure 2

www.sciencebase.gov/ Figure 11
catalog/item/54ef801d
e4b02d776a684bd5
waconnected.org
Figure 12
waconnected.org
Figure 13
Figure 15
http://nassgeodata.gm Figure 16
u.edu/CropScape/
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