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Key takeaways: anticipated changes to climate, risks, and implications for rangelands-
dependent sectors  
 
Anticipated changes 
Precipitation: Idaho is projected to have more year-to-year variation in the timing and amount of 
precipitation, with more frequent extreme precipitation events. With more precipitation falling as 
rain than snow, spring snowpack is less than historical averages. The timing of when water 
moves out of watersheds is happening earlier in the year and minimum streamflows have been 
observed to be lower than historical average minimums. 
 
Temperature: Warmer temperatures in all seasons are anticipated. Summers are expected to be 
warmer and drier, with increased frequency of extreme heat days and longer frost-free periods. 
Along with an expected increase in summer temperatures will be a slight decrease in summer 
precipitation and more frequent occurrences of drought, creating the potential for decreased 
native vegetation growth during warm seasons in water-limited places. 
 
Risks 
Drought: Higher summer air temperatures and slightly less precipitation falling in summer lead 
to longer and more severe droughts. Warming air temperatures increase evapotranspiration; dry 
air can hold more water and remove more moisture from the soil. These effects combined lead to 
greater plant stress.  
 
Wildfire: Wildfire seasons are anticipated to continue to lengthen across rangelands in Idaho, 
resulting in more frequent and larger wildfires. 

Invasive species: Warming air temperatures, drought, and increased risk of wildfire are favoring 
and will continue to favor invasive species, including annual grasses, over native perennials. 
 
Terrestrial habitat degradation: Drought, wildfire, and invasive species spread all work together 
to alter microbial and plant communities, reducing habitat quality for wildlife and livestock.  
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Streamflow and aquatic habitat: Warmer air temperatures and more precipitation falling as rain 
than snow implies less snowpack and earlier snowmelt, reducing streamflow and increasing 
water temperatures. 
 
Implications for rangeland-dependent sectors 
Implications for livestock production: Wet winters and warmer, drier summers may decrease 
forage available during summer months, resulting in the need to adjust turnout dates. Feed crops 
harvested for later use, such as hay or alfalfa, may also suffer declines due to hotter, drier 
growing conditions and reduced water availability. Warmer temperatures may cause animal heat 
stress and require additional resources, such as shipping water. Both wildfire and annual grasses 
can impact yearly livestock grazing rotations, stocking rates, and rangeland management due to 
restoration and conservation of threatened wildlife species. Increasing inter-annual variability of 
precipitation and temperature can increase costs for livestock operations and limit their viability 
(for examples, see Ritten et al., 2010 and Briske et al., 2021).   

Implications for rangeland managers: The consequences of drought and wildfire will continue to 
pose challenges. Converting degraded rangelands and croplands back to productive native 
rangelands with healthy perennial grasses has the potential to sequester atmospheric carbon. 
Managers can aim to keep rangelands productive, limit conversion to other land use types, and 
look for opportunities to restore degraded rangelands back to their potential. 

Implications for recreation: Changes in temperature and precipitation may alter demand for 
recreational usage on rangelands. These changes will test the capacity of public lands, 
infrastructure, and staff to accommodate shifting recreational demands. Earlier snowmelt could 
increase shoulder season usage and ecological stress. Drought and wildfire may impact the 
availability of wildlife habitat, affecting bird and wildlife viewing and hunting. Wildfires, 
restoration efforts, and loss of species habitat may mean area closures to recreational use. 
Warmer stream temperatures and lower summer flow rates may negatively impact recreational 
cold-water fisheries while improving warmer-water fisheries. 
 

1. Background: Idaho’s rangelands and climate 
 
Rangeland ecosystems are defined by their vegetation – shrubs and grasses are the dominant 
plant cover, and include sagebrush steppe, bunchgrass, and grass-filled meadows. In Idaho, 
rangelands occupy 54% of the land area – nearly 28.8 million acres in the southern part of the 
state. Federal government manages most of the acreage defined as rangelands (69%), followed 
by private ownership (25%), and state management units (6%) (Figure 1a). Idaho’s rangelands 
cover most of southern Idaho and overlap significantly with where the majority of Idaho’s 
residents reside. Rangelands provide many benefits for Idahoans, in the forms of livestock 
grazing, habitat for wildlife, and places to recreate.  
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Figure 1. a) Rangeland management in Idaho and b) geographic division of rangelands in Idaho 
(data source: (a) Inside Idaho, Idaho Surface Management Agency and (b) University of Idaho 
Extension Regions). 

 
How has climate change affected Idaho’s rangelands?  
From 1895 to 2019, the average annual temperature across rangelands in the intermountain west 
region of the United States increased by 1-3°F1 (Climate Toolbox). Further, twenty of the 
warmest 21 years have occurred since 2000 (see the assessment’s Climate Report). The warming 
trend is causing more winter precipitation to fall as rain instead of snow.2 Though precipitation 
trends across the northwestern U.S. vary by location and time period considered, the strongest 
trend observed is an increase in spring precipitation, falling as rain (Chambers et al., 2008). 
While summer precipitation is variable, it is slightly declining. Changes in climate have already 
significantly impacted water availability, primary production, invasive species abundance, and 
wildfire size and frequency. These changes will continue and perhaps intensify, assuming future 
climate realizations follow trends and projections. 
 
Though increased precipitation is generally considered a benefit for rangelands, slight increases 
in spring precipitation have occurred alongside higher spring temperatures, resulting in 
increasing aridity or dryness of the region (Dai, 2013). These more arid conditions have led to a 
greater loss of water from plants and from the land surface, resulting in less available soil 
moisture during the growing season (Dai, 2013; Abatzoglou et al., 2014; Snyder et al., 2019). 

 
1Hegewisch, K.C and Abatzoglou, J. T., ‘Historical Climate Tracker’ web tool. Climate Toolbox (https:// 
climatetoolbox.org/) 

a) 

West Central East 

b) 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/climate
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Hotter, drier conditions create stressors for native flora and fauna, increasing risk of invasive 
species spread and wildfire. 
 
The warmer temperatures being experienced in rangelands lengthened the growing season by 
about four days per decade between 1975 and 2010 (Klos et al., 2015) or by about two weeks 
across the last 40 years (Figure 2) (Abatzoglou et al., 2014). Warmer temperatures are also 
lengthening the frost-free season (Abatzoglou et al., 2014). Multiple studies have predicted 
earlier and longer growing seasons across the northwest, leading to earlier green-up and greater 
early season forage production by the end of the century (Hufkens et al., 2016; Reeves et al., 
2017).  
 
Will climate in Idaho’s rangelands continue to change? 
Due to regional variation in climate, the southern part of Idaho has been divided into three 
regions of rangelands – west, central, and east (Figure 1b). Three main climate metrics that may 
have the greatest ecological and economic consequences for users of Idaho’s rangelands have 
been identified: change in spring precipitation, number of “high” wildfire risk days, and days 
exceeding 100°F.  
 
Average regional projections for early century (2010-2039) and mid-century (2040-2069) are 
presented in Figure 2. Projections are produced using the Climate Toolbox (Hegewisch et al., 
2021) for regions demarcated using the borders displayed in Figure 1b. Following the rest of this 
technical report, estimates were performed for RCP4.5 and RCP8.5 scenarios, following the 
Climate Report.2  
 
Projections are presented in Figure 2 as deviations from the 30-year average (1970-2000). 
Overall, each region will receive greater March-May precipitation, with the eastern region 
projected to have the largest increase in spring precipitation and the largest year-to-year variance. 
All regions are anticipated to experience an increase in days over 100°F, with the western region 
seeing the largest increase. All regions will likely experience an increase in heat stress days (days 
over 100°F), with the western region seeing the largest increase: +11 days between present and 
2039 (RCP8.5) and an additional 27 heat stress days between 2040 and 2069 (RCP8.5). “High” 
wildfire risk days are also expected to increase by five days across the three regions between 
present and 2039 (RCP 8.5). Between 2040 and 2069, the “high” wildfire risk days are expected 
to increase further, with the largest increase (17 days) in eastern Idaho (RCP8.5).  

 
2 Two emission scenarios are used for this report to project future change, RCP4.5 (moderate-warming) and RCP8.5 
(high-warming).RCP4.5 is a moderate-warming scenario and RCP8.5 is a high-warming scenario. Mid-century 
projections are less sensitive to choice of RCP; differences between RCP4.5 and RCP8.5 are most important for late 
century projections. More detail about RCP is provided in the assessment’s Climate Report. 
 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/climate
https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/climate
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Figure 2. Projected increases in a) spring precipitation, b) heat stress days, and c) “high” 
wildfire risk days for three regions that comprise Idaho's rangelands, for early and mid-century 
time periods, as compared to the 30-year average (1970-2000) under RCP4.5 and RCP8.5 
climate scenarios (data source: Climate Toolbox (Hegewisch et al., 2021)). 
 

2. What are the ecological implications of a changing climate on Idaho’s rangelands? 

In resource-dependent sectors specifically, changes to ecosystems and the environment can have 
significant impacts on regional economies. Below is a discussion of how climate change may 
influence environmental and ecological factors that, in turn, create growing challenges to sectors 
that operate in Idaho’s rangelands. While there are myriad ecological impacts that climate 
change will bring, the focus of this report is on anticipated changes to primary productivity and 
forage production, water availability, invasive species, and wildfire. It is important to point out 
that while ecological impacts are discussed separately, they are interrelated; for example, 
warmer, drier summers will impact forage availability and an earlier spring favors spread of 
annual invasive grasses over native vegetation, which, in turn, influences wildfire frequency and 
severity. It is worth noting the complexity of ecological changes and the potential for feedback 
loops between production and management decisions and the natural system. These feedbacks 
loops are opportunities for future discussion and research.  
 
Primary productivity and forage production 
Precipitation is the most important factor in rangeland plant primary productivity, which includes 
native vegetation and forage. Earlier snowmelt and an increase in spring precipitation in the form 
of rain rather than snow implies that plant growth will begin earlier in the year and end earlier in 
the summer (Neibergs et al., 2018). Greater variability in precipitation, including longer drought 
periods and deluge events, implies that soil water content is expected to exacerbate plant stress 
levels more often. Lower soil moisture has the potential to limit forage nutritional quality and 

a b c 

a) 
 

b) 
 

c) 
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productivity during summer months, especially during periods when summer precipitation may 
be less than normal (Polley et al., 2013; Polley et al., 2017). It is unclear how projected changes 
in both precipitation and temperature will influence forage production in rangeland ecosystems. 
There are few long-term datasets on plant biomass and production specific to Idaho and the 
intermountain west. Therefore, there is a significant knowledge gap in the understanding of how 
historic climate influences vegetative production. Larger scale models predict forage 
productivity to increase across northern grasslands in the U.S. by the end of the century due to 
increased growing season length (Reeves et al., 2014; Hufkens et al., 2016; Polley et al., 2017). 
 
Year-to-year variation and shifting timing of seasonal precipitation and temperature will alter the 
growth and amount of forage on rangelands that is critical in the diet of herbivores, including 
livestock, ungulates, and threatened species, such as the greater sage-grouse. Wildlife managers 
and livestock producers are accustomed to uncertainty and variability in annual precipitation. 
However, changes to the timing of forage availability and drought duration suggest increasing 
variability for which current management approaches to balance forage supply and demand may 
no longer fit (Briske et al., 2021). Common adaptive approaches, including de-stocking during 
extreme droughts and re-stocking during years of surplus, may not be economically viable for 
regions experiencing long-term loss of forage production. Adaptive management and novel rules 
of thumb may be necessary to sustain livestock operations and maintain wildlife populations. 
These changes may include livestock turnout dates, grazing rotations, and stocking rates, as well 
as wildlife conservation strategies. Failure to consider how climate change will impact forage 
production in rangeland systems will have economic and management implications for livestock 
producers, wildlife conservation, hunting, and wildlife viewing.  
 
Water availability 
Less precipitation falling as snow is reducing spring snowpack, changing the timing of when 
water moves out of watersheds, and lowering minimum streamflow. These changes impact water 
available for livestock, irrigation, and wildlife. 
 
While total amount of precipitation falling in a year has not changed much in the face of climate 
change, the timing of when that precipitation falls during the year and in what form (rain instead 
of snow) is changing. With increasing temperatures, Idaho is experiencing less snow (Chambers 
et al., 2008) and a reduced spring snowpack (Holden et al., 2018; Mote et al., 2018).  
 
Fewer but larger and more intense precipitation events reduce soil moisture and increase water 
losses to surface runoff and percolation to groundwater (Schreiner-McGraw et al., 2019). Earlier 
snowmelt and drought are anticipated to reduce streamflow and production in riparian systems. 
 
Invasive annual grass abundance 
Climate change is expected to alter the current geographic distributions of invasive species and, 
in particular, invasive annual grasses. Warmer winters and increased wildfire frequency will 
benefit annual invasive grasses, such as cheatgrass (Bromus tectorum), medusahead 
(Taeniatherum caput-medusae), and red brome (Bromus madritensis), which have expanded in 
mid- to low-elevation shrublands and woodlands in the last 50 years (Figure 3) (Chambers et al., 
2008). In general, the earlier and longer growing seasons, as well as warmer temperatures, are 
creating conditions that favor annual grasses over native vegetation. Cheatgrass is expected to 
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benefit, with warmer summers and decreased precipitation due to reduced competition from 
native plants and increased likelihood of wildfires (Bradley et al., 2009). Sites with sparse 
perennial grass cover are most susceptible to invasion by these annual grasses. In a changing 
climate, annual invasive grass species are likely to become more abundant at higher elevations 
(Chambers et al., 2008; Bansal et al., 2016). 
 

 
Figure 3. Estimated annual percent cover for Idaho’s rangelands by region (data source: 
Rangeland Analysis Platform). 

 
While many projections forecast cheatgrass range expansion in the northern latitudes and higher 
elevations, at lower latitudes cheatgrass is expected to contract where drier winters are projected 
(Abatzoglou et al., 2011) due to limited moisture and subsequent plant establishment and growth 
(Bradley et al., 2016). Unfortunately, the contraction of cheatgrass in its southern range may 
benefit another annual invasive grass, red brome, which can tolerate drier conditions (Bradley et 
al., 2016).   
 
Wildfire 
Across the Pacific Northwest, annual wildfire season length and annual burned areas continue to 
increase (Klos et al., 2015). In the Snake River Plain and the Columbia Plateau ecoregions, large 
wildfires are becoming more frequent (Dennison et al., 2014). The number, frequency, and size 
of wildfires are dictated by multiple variables: climate, vegetation type, and fuel bed 
characteristics of natural and human ignitions (Chambers et al., 2019). 
 
Much of the increased wildfire frequency and area burned across the sagebrush steppe region has 
been attributed to an increase in invasive annual grasses (Balch et al., 2013; Pilliod et al., 2017). 
Invasive annual grasses, such as cheatgrass, create a continuous fuel bed in places that 
historically had native perennial bunchgrasses and shrubs, which results in a more patchy and 
limited fuel bed compared to cheatgrass (Chambers et al., 2019). In these locations, the amount 
of accumulated litter from invasive annual grasses, which is tied to increased precipitation in the 
prior year(s) (Pilliod et al., 2017), influences wildfire frequency and size (Balch et al., 2013). 
Historically, the wildfire return interval was 30 to 72 years in sagebrush systems and is now 
reduced to less than 5 years in heavily invaded locations (Brooks et al., 2004).       

https://rangelands.app/
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Increased temperatures and lower humidity during spring and summer create conditions 
advantageous for wildland fire (Abatzoglou et al., 2011). Plant composition can be impacted by 
increasing wildfire frequency, leading to a replacement of wildfire-sensitive with wildfire-
tolerant plants, such as invasive annual grasses. This increased wildfire frequency and area 
burned benefit invasive annual grasses that can invade areas where perennial plants are set back 
by intense and/or frequent wildfire. Invasive annual grasses are linked in a positive feedback 
loop with wildfire across the sagebrush steppe rangelands, meaning with more wildfire comes 
more invasive annual grasses, and more invasive annual grasses promote more wildfires (Synder 
et al., 2019).  
 

3. Economic implications of a changing climate in Idaho’s rangelands 

Quantifying the economic impacts of climate change is limited by uncertainty about future 
climate, complexity in how ecosystems will be impacted by these changes, and uncertainty about 
future market conditions. Further, the economics of sectors and agencies that are connected to 
rangeland ecosystems in the western U.S. are data-limited and understudied, so assessment of the 
economic impacts is largely unknown. Based on the summary of the anticipated impacts of 
temperature and precipitation on ecological factors, including net primary productivity and 
forage production, water availability, invasive species abundance, and wildfire severity and 
frequency, presented below are anticipated impacts of these ecological changes on three 
economic sectors that heavily utilize rangeland ecosystems—livestock production, wildlife 
management, and recreation. When possible, case studies summarize existing assessments of the 
economic impacts resulting from changes to these environmental factors on livestock production, 
wildlife management, and recreation.  
 
Livestock production  
Much of Idaho’s livestock industry relies on rangeland ecosystems for summer grazing and feed 
crops. In 2019, cattle and calf production ranked second in magnitude of statewide agricultural 
commodities in cash receipts (Table 1). Idaho’s average annual beef cattle and calf inventory 
exceeds one million head (USDA National Agricultural Statistics Service (NASS)). Idaho’s beef 
cattle industry is predominantly based in Idaho’s rangelands (southern Idaho). In 2019, Idaho’s 
top beef producing counties were Owyhee, Bingham, Cassia, Twin Falls, and Lemhi (USDA 
NASS).  
 
Commodity 2019 Cash Receipts 

(in $ millions) 

Average Share of Total Idaho  
Cash Receipts for  

2015-2019 
Dairy $2,854 33.3% 
Cattle and calves $1,736 23.4% 
Potatoes $953 12.1% 
Hay $468 5.5% 

Table 1. Estimates of 2019 cash receipts for the top four commodities produced in Idaho (USDA 
NASS). 
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Rangeland ecosystems play an important role in livestock production, both through their use for 
grazing and the production of hay and alfalfa feed crops. Many producers lease federal, state, or 
private lands for livestock grazing during the growing season. Over 1.5 million head of cattle, 
sheep, and horses graze on Idaho’s public rangelands, which are managed by the Bureau of Land 
Management (BLM) and U.S. Forest Service (USFS) annually, amounting to over 2.05 million 
animal unit months (AUMs) of forage (Table 2). 
 
 

Managing 
Agency 

Cattle 
(head) 

Sheep 
(head) 

Cattle 
(AUMs) 

Sheep 
(AUMs) 

BLM 534,869 615,829 1,123,800 175,872 

USFS 128,888 217,540 606,864 147,966 

Combined 663,757 833,369 1,730,664 323,838 

Table 2. Summary of current livestock grazing authorizations on federal lands in Idaho (sources: 
BLM and USFS use schedules). 
 
Potential impacts to livestock production 
Availability and quality of forage and feed crops 
Overall, is unclear how changes in temperature and precipitation will impact forage production 
on rangelands. Warmer winters and earlier, wetter springs may result in greater forage 
production during these times, while hotter, drier summers may reduce forage availability during 
seasons that rangelands have typically been relied upon for forage. Changes to forage 
production, including increasing year-to-year variability, may require livestock producers to 
derive novel grazing rotations or alter timing and intensity of grazing. 
 

 
 

Case study: Economic impacts of drought on a ranching operation in south-central 
Idaho 
 
Wold et al. (2021) combine forage production estimates using remotely sensed imagery 
and historic climate data with an economic model of a representative ranch in south-central 
Idaho. Forage projections are used as constraints in an economic model to determine 
optimal production decisions and quantify the economic impact of changes in forage 
production for a livestock producer in response to short-term severe and long-term 
moderate droughts on a representative ranch. Economic impacts:  

• The forage reductions caused by a 5-year severe drought resulted in a 10% reduction 
in herd size. A 10-year moderate drought resulted in a 4% reduction in herd size, 
both of which persist for up to 10 years after the end of the drought. 

• For a 300-head operation, a 10-year moderate drought resulted in a 16% reduction in 
average annual ranch income (an annual loss of ~$14,000 during the drought). 

• For a 300-head operation, a 5-year severe drought resulted in a 28% reduction in 
average annual ranch income (an annual loss of ~$23,000 during the drought). 
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Water availability 
Less water available on rangelands will influence the livestock sector, which uses surface water 
and groundwater for animal consumption, feed crop irrigation, and animal cooling. Higher 
summer temperatures may increase animal water consumption by a factor of two (Nardone et al., 
2010). Irrigation water curtailments and water price increases may increase the cost of growing 
and purchasing feed crops or cause irrigated pastures used for hay or alfalfa to be cost-ineffective 
in production. 
 

 
 
Heat stress has been cited as a major cause of reduced productivity in the beef industry. In cattle, 
heat stress impairs animal growth, pregnancy rates, and disease susceptibility. St-Pierre et al. 
(2003) found that heat stress causes an annual loss of $1.69-2.36 billion to the livestock industry. 
The same study found that annual heat stress created a total of $1.035 million in losses to Idaho’s 
beef cattle industry per year.  
 
Warmer summer temperatures and reduced water availability may require that livestock 
producers alter grazing rotations to mitigate heat stress and ensure water is available. Providing 
supplemental water for animals may be necessary. 
 
Invasive species 
The spread of invasive plant species in rangelands reduces forage availability for livestock 
operations. Producers may choose to control invasive species, using chemical or mechanical 
methods, but this comes at a cost. Producers must weigh the tradeoffs of lost forage production 
and control costs in range management decisions.  
 

Case study: Economic implications of investing in off-stream water sources for 
livestock 
 
Livestock utilization of riparian areas is often relied upon by ranchers for late summer 
forage, cooling, and water. Stillings et al. (2003) developed a bioeconomic model for 
southwestern Idaho and northeastern Oregon (the Blue Mountains region) that tracks the 
ecological and economic impacts of a 15% reduction in utilization of riparian areas by 
providing off-stream water and minerals. While this study does not consider reductions in 
surface water availability, its conclusions can inform the impacts of adapting to such a 
change. Economic implications: 

• Reduced utilization of riparian areas resulted in a reduction in herd size of 10%. 
• By restricting access to riparian areas, upland forage and off-stream pastures were 

more heavily utilized, resulting in additional availability of animal units. Greater 
usage of pasture with supplementation also resulted in higher sale weights.  

• Larger sale weights and herd size resulted in an increase in annual returns to the 
ranching operation of $4,500 to $11,000 per year, with the variation depending on 
annual precipitation and cattle prices. 
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Wildfire 
Increasing frequency and severity of wildfire events on rangeland ecosystems can create short- 
and long-term reductions in the quantity of forage available. Following a wildfire, public grazing 
allotments are closed for several years, meaning summer forage must come from an alternate 
source. Establishment of invasive annual grasses and the replacement of native vegetation with 
noxious weeds after a wildfire event can further reduce forage availability in the long-term. 
While livestock find cheatgrass palatable in winter and early spring months, utilizing stands for 
forage may require modifications to grazing rotations and/or grazing permits.  
 

 
 
 

Wildlife and habitat management 
The 28.8 million acres of rangelands in Idaho are managed by a combination of public land 
management agencies and private landowners (Table 3). Over half of the acreage is managed by 
federal agencies – primarily the BLM and the U.S. Forest Service. Rangeland managers are in a 
unique position in that they are charged with managing lands that are used to support ranching 
and herding, recreation, and critical habitat for many terrestrial and aquatic wildlife species, 
including salmonids, migratory ungulates, and the greater sage-grouse. 
 

Case study: Economic impacts of yellow starthistle to Idaho’s agricultural industry 
 
Infestation of yellow starthistle (Centaurea solsitialis L.) outcompetes native vegetation, 
reducing forage availability for livestock and wildlife. Julia et al. (2007) used an input-
output model to determine the costs of reduced forage availability due to the yellow 
starthistle invasion in Idaho. Assuming an infestation of 266,000 acres: 

• The yellow starthistle invasion reduced available forage for livestock by 221,858 
AUMs per year. 

• The direct and secondary (induced) economic impacts of the infestation to the 
agricultural sector were $10,124,000 per year (in 2005 USD). 

 

Case study: Economic impacts of wildfire on a ranching operation in western Idaho 
 
Maher et al. (2013) simulated the economic impacts to a representative livestock producer 
from shortened wildfire return intervals and wildfire occurrence on a public grazing 
allotment. Economic impacts: 

• After a wildfire, herd size is reduced by up to 40% due to reduced forage availability. 
• In the years just after a wildfire event, ranch income is reduced by up to $60,000 and 

often requires short-term borrowing of up to $20,000.  
• The likelihood of bankruptcy after a wildfire event on a grazing allotment is 22%, 

assuming average beef prices. 
• The economic impact of annual grasses and wildfires can be reduced if ranchers 

factor risk into their production decisions and identify alternative early-season forage 
sources or diversify to off-ranch income streams.  
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As such, maintaining rangelands as working landscapes and conservation of sagebrush steppe 
ecosystems is one of the most difficult and pressing concerns for land management in the 
western U.S. Rangeland management agencies are charged with setting and enforcing harvest 
restrictions (including forage utilization by livestock) and conserving wildlife species by 
preserving their populations and habitats. Faced with limited budgets and the need to spend 
public resources cost-effectively, managers need to determine activities that meet their mandated 
objectives, as well as objectives desired by the public, at least cost. Management decisions 
include allocating resources to permitting livestock grazing, mitigating the spread of invasive 
species and wildfire risk, restoring habitat, managing recreation, overseeing extractive industries 
and energy development, and conserving species. The stresses created by climate change are 
expected to increase the difficulty of managing these multi-use landscapes. 
 

Management Authority Acres of Rangeland Percent of Total Rangeland 
Bureau of Land Management 10,961,030 38.1 
U.S. Forest Service 7,443,706 25.9 
Private 6,827,264 23.7 
Idaho Department of Lands 1,505,797 5.2 
Other Federal 1,382,443 4.8 
Tribal 504,853 1.8 
Other State 148,879 0.5 

Table 3: Acres of rangeland in Idaho (data source: Multi-Resolution Land Characteristics 
Consortium (MRLC), 2016, accessed September 2018). 
 
Potential impacts to wildlife and habitat management 
Ungulates and big game species 
For ungulates, climatic changes can have both positive and negative implications. For deer, elk, 
pronghorn, and moose, the winter season has the highest mortality rates and changes in snow 
density and hardness from freeze-thaw or rain-on-snow events can limit forage availability 
(Christianson and Creel, 2007; Hurley et al., 2015; Kautz et al., 2019). Movement through snow 
is also energetically demanding and can limit the ability to evade predators (Parker et al., 1984; 
Telfer and Kelsall, 1984; Mech et al., 2001). If climate change leads to a reduction in snow cover 
and depth, habitat for ungulates may expand, as they have a preference for areas with shallower 
snowpack (Jenkins, 2007; Weiskopof, 2019; Deb, 2020). (See the assessment’s Ungulate Report 
by K. Strickfaden for more information.) 
 
Forage may become available earlier in the spring due to increasing temperatures and can lead to 
higher survival rates of fawns (Hurley et al., 2014). This may also result in increased prevalence 
of tick- and mosquito-borne diseases and lead to an increase in mortality rates (Sonenshine, 
2018; Ludwig et al., 2019). Other environmental stressors, such as longer periods of drought and 
high temperatures, increased wildfire frequency and severity, and more frequent soil freezing 
events, will place additional stress on vegetation communities and limit nutritional quality of 
forage available to ungulates (Christenson et al., 2014). Vegetation with low nutritional quality 
prevents ungulates from putting on the fat they need to survive the winter. Furthermore, a female 
in poor body condition may give birth to smaller offspring or breed and give birth later in the 
year, both of which will increase her offspring’s susceptibility to predation. Females may even 
choose not to breed at all. Because of this lag effect, the impacts of poor foraging conditions on 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/land
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population dynamics may not become apparent until the next year when recruitment or 
reproductive rates are low (Horne et al., 2019). (See the assessment’s Ungulate Report by K. 
Strickfaden for more information.) 
 
A threatened species – greater sage-grouse 
Greater sage-grouse populations are declining throughout most of their habitat range. Population 
decline is a complex issue, with likely many causal factors, including changes to rangeland 
climate. Critical habitat includes perennial bunchgrasses and shrubs for nesting habitat, forbs and 
insects for feeding, and riparian habitat for foraging during dry summer months. Increased 
wildfire return intervals and subsequent annual grass invasions and juniper encroachment have 
resulted in loss of nesting habitat for the bird. The greater sage-grouse was considered for listing 
in 2010 under the Endangered Species Act (ESA), but found to be “warranted, but not 
precluded.” Listing was reconsidered in 2015; again, the species was found to warrant protection, 
but other species were found to be higher priority. With further decline of greater sage-grouse 
populations due to changes in climate and other anthropogenic change within their habitat range, 
potential listing as endangered continues to be a possibility. Much of the remaining greater sage-
grouse habitat overlaps with BLM-managed lands and private lands (Table 4), implying any 
conservation policy will have implications for numerous jurisdictions and managers across 
rangelands. 
 

Management Authority Percent of Greater Sage-Grouse Habitat 
Bureau of Land Management 63 
Private 19 
State of Idaho 7 
U.S. Forest Service 5 
Other Federal 6 
Tribal 1 

Table 4: Percent of greater sage-grouse habitat in Idaho by land management (data source: 
Gillian et al., 2017). 
 
As such, greater sage-grouse protection is written into many federal and state rangeland 
management plans, as well as mandates for private lands. While figures on expenditures toward 
greater sage-grouse conservation are vague, in 2019, the Idaho state legislature committed almost 
$1 million toward greater sage-grouse conservation. In 2020, federal appropriations for the 
greater sage-grouse across the western U.S. amounted to $66 million (H.R.133 - 116th Congress, 
2019-2020). Further population declines and listing of the species would have impacts to 
economic sectors in addition to the conservation requirements from the listing itself.  
 
Taylor et al. (2019) summarized the findings of several studies that estimate the economic 
impact of greater sage-grouse conservation, in terms of lost AUMs for grazing. They quantify the 
total reductions in earnings over a 40-year operating horizon to livestock producers for three 
possible scenarios for Idaho and southwest Montana– reduction of 1 month of AUMs for spring 
grazing ($60.5 million loss), reduction of 1 month of AUMs for fall grazing ($61 million loss), 
and reduction of 1 month of AUMs for both spring and fall grazing ($122.5 million loss). This 
analysis also used an input-output regional economic modeling framework to estimate the direct, 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/land


 14 

indirect, and induced impacts of the same conservation policies and found the total impacts to be 
$1 billion, $1 billion, and $2 billion, respectively, for the same 40-year time horizon.3 
 
Invasive species management 
Annual invasive grasses, such as cheatgrass (Bromus tectorum) and medusahead (Taeniatherum 
caput-medusae) are two of the most impactful stressors to rangeland ecosystems in Idaho. These 
annual invasive grasses have massive seed production capacity and once introduced, quickly 
spread across a landscape to create near monocultures, on both public and private lands. These 
annual invasive grasses outcompete native forage species, impact wildlife habitat quality, and 
change wildfire regimes. Currently, the estimated losses from weeds in pasture and rangeland 
systems exceed $2 billion annually in the U.S. (Pimental et al., 2005), which is a greater loss 
than all other pests combined. 
 
In 2018, the estimated direct damages (including fighting wildfire) to the state of Idaho from 
existence of all noxious and invasive plants exceeded $300 million annually. In the same year, 
Idaho invested $30 million in the control and management of weeds. 
 

 
 
Wildfire 
While wildfire is a natural part of rangeland ecosystems, the increasing size and frequency of 
wildfire can lead to reduction in native grass and forb production, as well as degradation in 
habitat. Reduction in cover of sagebrush from frequent wildfire can reduce habitat suitable to the 
greater sage-grouse (BLM, Northern Great Basin Ecoregion: Rapid Ecoregional Assessment). 
More frequent wildfires and warmer temperatures also contribute to an increase in cover of 
invasive species, such as annual invasive grasses like cheatgrass, which can lead to a positive 
feedback cycle (Balch et al., 2013; Bradley et al., 2018). Lower-elevation sagebrush sites are at 
greater risk of conversion to invasive annual grass-dominated sites (Suring et al., 2005). 
 
 
 

 
3For more detailed information, see: https://www.wyoextension.org/agpubs/pubs/b-1258A_sagegrouse_economics-
web.pdf 

Case study: Controlling invasive species in complex social landscapes 
 
Epanchin-Niell et al. (2010) summarized the complexities that resource managers face 
when deciding how to address biological invasions and provided several recommendations 
for successful control.  

• Control across land-use “mosaics” (public and private lands in various uses) requires 
collective effort and coordination to reduce costs and support effective action. 

• Lack of action by any one stakeholder can reduce nearby stakeholders’ incentives by 
increasing costs of control. 

• Top-down (federal-level) or middle-out (state-level) action should include 
education, incentives, and communication amongst stakeholders to facilitate 
coordination.  

 

https://www.wyoextension.org/agpubs/pubs/b-1258A_sagegrouse_economics-web.pdf
https://www.wyoextension.org/agpubs/pubs/b-1258A_sagegrouse_economics-web.pdf
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Recreation4 
Fishing, hunting, and wildlife viewing are long-standing traditions in Idaho. In 2016, BLM land 
in Idaho alone saw 466,100 fishermen, 296,500 hunters, and 193,500 wildlife watchers. The total 
expenditures related to these economic activities in 2016 were $295 million, supporting 2,559 
jobs and $85 million in salaries and wages. Recreational use on BLM land also generated $33 
million in federal, state, and local taxes (Pew Fact Sheet, 2018). 
  
About 5% of Idahoans participate in hunting; big game hunting is the most popular type of 
hunting in the state (USFWS, 2016). On average, nearly 65,000 deer tags and 35,000 elk hunting 
tags are issued in wildlife management units in southern Idaho annually (Idaho Department of 
Fish and Game, 2021). Participation in deer and elk hunting on Idaho’s rangelands has increased 
slightly over the last 20 years throughout central, eastern, and western Idaho (Figure 4).  
 

 
Figure 4. Annual issuance of deer and elk hunting tags in central, eastern, and western regions 
of Idaho (data source: Idaho Department of Fish and Game, 2021). 
 

Idaho’s rangelands contain some of the state’s most prized rivers for recreational fishing, 
including the Henry’s Fork, Big Wood, and Boise rivers. In 2016, over 465,000 fishing trips 
were taken in Idaho. Recreational fishers spend, on average, $438 million per year (USFWS, 
2016). Using a survey and demand analysis, McKean et al. (2016) estimated that the willingness 
to pay for a fishing day trip in central Idaho to be $35, with an annual value per angler of $236. 
In 2016, the University of Idaho Policy Analysis Group found that the recreational fishery in the 
Big Wood River Valley contributed $2.5 million in value-added (a combination of output and 
wages) to Blaine County’s economy (Cook and Becker, 2016). Fifteen percent of Idahoans 
participated in recreational fishing (USFWS, 2016). 
 
Potential impacts to recreation 
Water availability 
Changes in water availability and streamflow may have impacts on watersports (boating) and 
fishing across rangelands. Stream temperatures impact the distribution and abundance of aquatic 
organisms, including coldwater salmonids, such as salmon and trout. These species are valuable 
sport fishing species and are also culturally important to Native Americans. Altered timing of 

 
4 See the assessment’s Recreation and Tourism Report for more information. 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/recreation-and-tourism
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seasonal precipitation and warmer air temperatures can affect stream temperatures and 
streamflow and reduce the amount of habitat available to these fish species. Simultaneously, 
warmer water temperatures are favorable to other sport fish, such as bass (see the assessment’s 
Fish Report by C. Caudill et al. for more information). As discussed above, changes to surface 
water may also impact terrestrial wildlife populations, creating implications for big game 
hunting.  
 
Isaak et al. (2017) created a stream temperature database across Idaho and also modeled whether 
a particular species could occupy a given location under future climate change scenarios. The 
native salmonids of Idaho have particular stream temperature tolerances; if these are exceeded, 
individual fish within a location may experience difficulty migrating, declines in reproductivity, 
or even die-offs. At the same time, non-native fish species may move into those areas, and cold-
water salmonids may find other areas of a stream that are currently too cold shift towards their 
temperature tolerance, but this depends on streamflow and channel characteristics. The 
assessment’s Fish Report suggests that under climate projections, the stream areas suitable for 
bull trout and cutthroat trout will decline 46% and 11%, respectively, as temperatures in larger 
rivers exceed their tolerance. Further, the stream areas suitable for spring/summer Chinook 
salmon will not experience a net loss due to compensating gains in smaller streams. However, 
mortality for spring/summer Chinook salmon will grow as difficulty in migrating to spawning 
areas increases. Suitable areas for smallmouth bass, a predator of juvenile salmonids, is predicted 
to nearly double in size (see the assessment’s Fish Report by C. Caudill et al. for more 
information).  
 
Invasive species 
Heavier usage of rangeland ecosystems by recreationists may increase the introduction and 
spread of existing invasive species, as well as introduce novel non-native species to Idaho’s 
rangelands.  
 

 
 
Wildfire 
The frequency and severity of wildfires are anticipated to increase on rangelands and can impact 
recreation. During years in which federal agency budgets for firefighting are exceeded, agencies 
borrow from other accounts, including funds allocated for brush removal and recreation-related 
programs. Further, agency staff can be diverted to fight wildfires, leaving trail maintenance and 

Case study: Economic impacts of invasive species on outdoor recreation 
 
Eiswerth et al. (2005) used economic data in combination with the national recreational 
survey to estimate the impacts of invasive plants on outdoor recreation in western states. 
Key takeaways: 
• The total economic loss resulting from invasive species spread was estimated to be 

between $5.9 and $12.4 million per year. 
• Total economic losses depend on the rate of annual infestation expansion (5%: $30 

million; 20%: $41 million). 
• Out-of-state recreational expenditures were estimated to be reduced by $4.47 million 

(5%) and $17 million (20%), respectively. 
 
 

https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/land
https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/land
https://www.uidaho.edu/president/direct-reports/mcclure-center/iceia/land
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other recreation-related duties unattended. In 2015, the Okanagan-Wenatchee National Forest in 
Washington state closed access because of the lack of personnel and financial resources needed 
to keep the forest open to the public. Diversion of overall resources to firefighting can lengthen 
area closures and delay site restoration. Wildfires also have direct impacts to recreational 
demand by keeping in-state and out-of-state visitors away due to danger, destruction, and smoke.  
 

4. Knowledge gaps 

Idaho’s rangelands will be shaped by forces that include climate change and management 
decisions. The interactions between these two factors are complex and still under investigation. 
Currently, assessments of how climate will influence future forage production on rangelands 
hold other values constant, including the assumption that management rules of thumb also are 
not changing simultaneously. While rangeland managers are developing new tools to adapt to 
observed changes in climate and mitigate the consequences of climate change, which 
management practices result in sustainable use and maximize economic potential (or minimize 
consequences) are very context dependent and not one-size-fits-all. This makes it difficult to 
predict how specific actions may impact the environment or related economy or provide specific 
recommendations. 
 

5. Conclusions 

Climate change is one of many factors that influence the current and future state of rangeland 
ecosystems. This report was intended to discuss the anticipated environmental changes and 
potential economic impacts of climate change for rangeland-dependent sectors in Idaho. In 
summary, the environmental changes of greatest concern are related to warmer temperatures and 
timing of precipitation. Some of the expected changes, such as warmer winters and springs, will 
lengthen the growing season and promote forage growth during these times, benefitting livestock 
and wildlife. Other expected changes, including hotter, drier summers, will create new 
challenges for maintaining healthy rangelands and dependent economies, including animal heat 
stress, surface water availability, and invasive species and wildfire risk. 
 
To complicate matters further, the risks mentioned above are also linked to anthropogenic land 
use and management decisions made on rangelands. Development in critical wildlife habitat 
areas, heavy recreational use during shoulder seasons, and chronic overgrazing can exacerbate 
some of the risks brought on by climate change. These interactions should be considered when 
developing future rangeland management plans. 
 
Shifts in the ecology of Idaho’s rangelands will have consequences for Idaho’s wildlife and 
economy. Under these changing conditions, adaptive management strategies and proactive 
management decisions will be necessary to improve rangeland sustainability and resilience.
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