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Abstract The Southwestern US is a five-state region that has supported animal agriculture since
the late 16th Century when European settlers crossed the Rio Grande into present day west Texas
and southern NewMexico with herds of cattle, sheep, goats and horses. For the past 400 years the
rangeland livestock industry, in its many forms and manifestations, has developed management
strategies and conservation practices that impart resilience to the climatic extremes, especially
prolonged droughts, that are common and extensive across this region. Livestock production from
rangelands in the southwest (SW) is adapted to low rainfall and high ambient temperatures, but will
have to continue to adapt management strategies, such as reduced stocking rates, proper grazing
management practices, employing animal genetics suited to arid environments with less
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herbaceous production, erosion control conservation practices, and alternative forage supplies, in
an increasingly arid and variable climatic environment. Even though the aging demographics of
western ranchers could be a deterrent to implementing various adaptations, there are examples of
creative management coalitions to cope with climatic change that are emerging in the SW that can
serve as instructive examples. More importantly, there are additional opportunities for incorpora-
tion of transformative practices and technologies that can sustain animal agriculture in the SW in a
warmer environment. Animal agriculture in the SW is inherently resilient, and has the capacity to
adapt and transform as needed to the climatic changes that are now occurring and will continue to
occur across this region. However, producers and land managers will need to thoroughly under-
stand the vulnerabilities and sensitivities that face them as well as the ecological characteristics of
their specific landscapes in order to copewith the emerging climatic changes across the SWregion.

1 Introduction

Animal agriculture accounts for approximately one-third of the total agricultural revenue in the
Southwest (SW) region of the U.S. (USDA 2013). In 2012, the market value of livestock and
poultry for the five-state region of California, Arizona, Nevada, Utah and New Mexico, the
Southwestern US, was $17.6B. Approximately 70 % of livestock revenues in this region are
from beef cattle and calves, and dairy cattle (USDA 2013). Beef cattle, as well as goats and
sheep within the SW, are primarily raised on rangelands and pastures and these rangeland-
based production systems are susceptible to the elevated temperatures and climatic extremes of
a changing SW climate. Rangeland-based animal agriculture across this five-state SW region is
the focus of this synthesis of knowledge about likely vulnerabilities and sensitivities for this
industry with emerging regional climatic changes.

There are two unique features of rangeland-based animal agriculture in the SW region: 1)
much of the resource is public land and managed by public land agencies including the Bureau
of Land Management (BLM) and the US Forest Service (USFS), and 2) ranching enterprises
across the region have vastly different capacities and characteristics that will influence their
abilities to adapt to novel climatic conditions. This intermingling of private and federal grazing
resources complicates livestock management across the SW region. Although access to federal
land can provide additional forage resources to complement private land resources, the
multiple use goals of federal land management agencies can complicate if not conflict with
the long-term planning and short-term implementation of grazing management practices of
public land rancher permittees. Resolving those conflicting goals presents both opportunities
and challenges to both ranchers and public land managers and increases the complexity of
responding to climate change.

Animal agriculture was first introduced into the SW by European settlers early in
the 16th Century, but the rangeland livestock industry did not expand significantly
until the late 19th Century with well-recognized, ecologically devastating impacts
during this early period of livestock expansion (Bowling 1942; Sayre et al. 2012).
Management principles and conservation practices for sustainable rangeland livestock
production were established during the later half of the 20th Century (USDA NRCS
1997). However, though there have been several extended, severe drought periods
over the last millennium (for example, see Fig. 3 in Peters et al. 2015), there is really
no analogous climatic period during this brief history of animal agriculture that
mirrors projected climatic change across the SW in the coming decades.
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The focal point of this review, and the challenge to successful future policies in general,
should be on vulnerabilities of rangeland-based animal agriculture to climatic change rather
than any specific consequences of particular anticipated changes. Though socioeconomic
factors will play a role in this industry’s capacities to cope with these vulnerabilities, such as
a likely reduced capacity of a less experienced, next generation of ranchers in preparing for
climate change, this review will primarily focus on climate change vulnerabilities. For
example, it is anticipated that the region will experience a decrease in annual net primary
plant productivity through the 21st Century (Reeves et al. 2014). This will reduce available
forages for overall livestock grazing capacities, and the need for animal agriculture to
implement increasingly flexible management practices will be a key for economically (and
ecologically) adapting to increasingly arid conditions (Torell 2010).

There are four primary pathways in animal production in which climate change is expected
to affect animal agriculture in the SW: 1) feed-grain production, availability, and price, 2)
rangeland, pasture and forage crop production and quality, 3) animal health, growth, and
reproduction, and 4) disease and pest distributions. Of these four pathways, the first two
dealing with feed and forage production are likely the most immediately vulnerable to climate
change (Elias et al. 2015).

Given the importance of regional climate and ecological capacities of land to these pathways
in animal production, this review will be based on the 2 dominant Land Resource Regions for
grazing livestock that are contained almost entirely within the five states of California, Arizona,
Nevada, Utah and New Mexico (Fig. 1). Land Resource Regions (LRR) are defined by the
Natural Resource Conservation Service (NRCS) as a group of geographically associated land
resource areas that approximate broad agricultural regions within the nation (USDA 2006).
There are 28 LRRs across the conterminous US. Within each LRR are Major Land Resource

Fig. 1 The Western Range and Irrigated Land Resource Region (LRR) and the California Subtropical Fruit,
Truck, and Specialty Crop LRR within the 5 states of California, Nevada, Arizona, Utah and New Mexico of the
Southwestern US (USDA 2006).
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Areas (MLRA) defined as large areas of geographically associated and similar land resource
units. There are 278 MLRAs in the US. The LRR and MLRA designations are useful in
describing regions of broadly similar climate, landforms, geology and land use that characterize
different regions of the nation. The two dominant LRRs in the southwestern US, the Western
Range and Irrigated Land region and the California Subtropical Fruit, Truck and Specialty Crop
region, comprise over 83 % of the total land area of the SW. There are segments of four
additional LRRs within the SW region, but these are primarily within adjacent regions of either
the Pacific Northwest or the Southern Great Plains, and of minor importance within the SW.
However, the regional vulnerabilities to climatic change discussed in this review would have
general application to the portions of these LRRs within the SW region.

Of additional utility are ecological sites, defined as distinctive kinds of land with specific soil
and physical characteristics that differ from other kinds of land in the ability to produce a
distinctive kind and amount of vegetation and the ability to respond similarly to both natural
disturbances and land management practices (USDA NRCS 1997). Ecological sites are the
basic component within an MLRA that describes both a site’s ecological dynamics and its
ecological potential. Any specific MLRA can have a few to a few dozen ecological sites, and
these sites are thoroughly described and characterized within the NRCS’s Ecological Site
Inventory System (USDA 2014). Impacts of climate change will be variable across the SW
region, or any region, both because of the heterogeneity of how climate change will occur
spatially, but also because the impacts of climate change may also be sensitive to the ecological
characteristics of any specific landscape, e.g., an ecological site or groupings of ecological sites.

2 The principal land resource regions in the SW

2.1 The western range and irrigated land resource region

The Western Range and Irrigated LRR occurs primarily between the Sierra Nevada Mountains
on the west side of this LRR to the Rocky Mountains on the east (Fig. 1). The LRR completely
encompasses Arizona and Nevada, and comprises major portions of Utah, New Mexico and
California. This LRR is ~104 M ha (~550,000 mi2), and includes the Great Basin Cold Desert
and the three hot deserts of the SW US – the Mohave, Sonoran and Chihuahuan Deserts
(USDA 2006).

Animal agriculture in this LRR is characterized by highly diverse beef cow-calf operations
typical of western range livestock production, especially given the prominence of public lands
within this LRR (USGS 2016; Fig. 2). A cow-calf operation is one in which the focus is
production each year of a calf from each cow which is then sold after weaning from the cow at
about 6 months of age. Annual revenues for 2012 from beef cattle operations by counties
within the 21 MLRAs across this LRR are displayed in Fig. 3a (USDA 2013). There are
approximately 20,000–25,000 ranches across this LRR, and the majority are ranches with
<100 cows. Recent and historic economic analyses of ranching within this LRR repeatedly
document low returns on investment with ranch values strongly influenced by acreage of the
ranch rather than cow herd sizes. Production revenues are characteristically diverse as well.
Beef cow generated revenues in 2012 varied from < $8 M in counties within the Mohave
Desert (MLRA 30) to > $30 M in counties of the Great Salt Lake Area (MLRA 28A). Fourteen
counties occurring within nine MLRAs of this LRR generated annual beef cattle revenues in
excess of $16M for 2012. Irrigation water, which is typically drawn from surface water sources
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and represents the primary use of water within the LRR (total withdrawals of fresh water in this
LRR are >30,025 million gallons per day), is principally used to grow animal feed crops. Only
one MLRA in the region (MLRA 41 in SE Arizona) draws irrigation water primarily from
ground water sources. Given that 60 % of this LRR is public land, livestock production is
closely aligned to private lands where irrigated agriculture produces the needed harvested feeds
and forages to periodically support beef cow-calf operations during any given year. For
example, annual beef cow revenues exceed $100 M within MLRA 28A that spans Beaver
County in southwestern Utah to Cache County in north central Utah. About 60% of thisMLRA
is federal land, primarily managed by the BLM and the USFS. Livestock grazing use of these
public lands, as is typical across the Western Range LRR, has declined in recent years (Fig. 4a).
However, 27 % of MLRA 28A is private crop and pasture lands used in support of livestock
production. Higher livestock revenues within this MLRA are assumed to be directly linked to
private land forage production that augments permits for public land grazing.

Similar observations can be drawn from livestock revenue within MLRA 42 of south
central New Mexico. This arid region (150–250 mm annual precipitation) within the northern
Chihuahuan Desert has low livestock grazing capacities due to its inherently low rangeland
forage production. Annual forage production is also highly variable because of frequent and
prolonged droughts. Consequently, beef cow-calf operations in MLRA 42 rely upon highly
flexible stocking rates in response to these extreme annual variations in rainfall and forage
production. To illustrate, Fig. 4b presents the annual use and non-use of the permitted 660,000
Animal Unit Months (AUMs)/year from 2002 to 2011 for the 2.2 M ha of the BLM’s Las
Cruces Grazing District of southern NM within MLRA 42. An AUM serves as the unit for
billing of permittees for livestock use of public rangeland, and is defined as the amount of

Fig. 2 Public land areas within the 1.42 M km2 Western Range and Irrigated Land Resource Region of the
Southwestern US (USGS 2016).
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Fig. 3 a Beef cattle annual revenue for 2012 reported by county within the 21Major Land Resource Areas (MLRAs;
designated by their NRCS reference numbers 21–42) for the Western Range and Irrigated Land Resource Region
(LRR) within California, Arizona, Nevada, Utah and NewMexico (USDA 2013). Locations of filled circles represent
geographic centers of the 79 counties within these 5 states that are entirely or principally within this LRR, and b beef
cattle annual revenue for 2012 reported by county within the 7MLRAs (designated by their NRCS reference numbers
14–20) for the California Subtropical Fruit, Truck, and Specialty Crop LRR (USDA 2013). Locations of filled circles
represent geographic centers of the 33 counties that are entirely or principally within this LRR.
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forage required to support the nutrient requirements of a mature cow or cow with a calf for
30 days. The permitted AUM level reflects the long term livestock grazing capacity for this
BLM district with an average stocking rate of ~3.2 ha/AUM for th is specific grazing district.
Between 2002 and 2011 actual annual use of permitted AUMs varied between 50 % and 79 %
as beef cattle operators and the BLM restricted annual use given the vagaries of annual forage
production. Concomitant with these annual variations is the importance of hay production on
private irrigated cropland within the Middle Rio Grande River basin that dissects MLRA 42.
Regionally available harvested forages from irrigated croplands are an important synergy to
beef cow-calf operations even in the more arid regions of the southern portion of this LRR.

Vulnerabilities of ranchers and their ranching enterprises to an increasingly arid climate
across this LRR are strongly shaped by their adaptive management capacities, sensitivities of
the environment to impending climatic changes, and availability of needed forage resources.
Key characteristics within this LRR that will influence the extent of these vulnerabilities are:

& Diverse beef cow-calf operations in predominantly arid and semi-arid environments,
& Prominence of public land rangeland grazing permits,
& Importance of harvested forages supplies during winter seasons or drought periods, or

both,
& Inherently low rangeland forage productivity, and
& Highly variable annual forage production that is often low due to prolonged drought.

2.2 The California subtropical fruit, truck, and specialty crop land resource region

The California Subtropical Fruit, Truck, and Specialty Crop LRR (California LRR) comprises
~16 M ha (~64,000 mi2, ~1/8th the size of the Western Range LRR) from the western
California coast to the foothills of the Sierra Nevada Mountains on the east. Beef cattle
production in this LRR is common within all seven regional MLRAs and in 90 % of the
counties in the LRR. In contrast to the Western Range LRR only 16 % of the region is public
land and ground water supplies 46 % of the fresh water demand. Prominent landscapes in this
LRR for animal agriculture are the central California pasture lands and rangelands in and
adjacent to the Sacramento and San Joaquin Valleys (USDA 2006).

Themajorityof annual beef cattle revenues are generated fromcounties in thenorthernhalf of the
LRR either entirely or primarilywithin threeMLRAs (15,17, and 18; Fig. 3b). These threeMLRAs
total ~11.5 M ha (~72 % of the California LRR), of which ~4.8 M ha are rangeland (~30 % of the
California LRR).Also, these threeMLRAs include ~2.7Mhaof crop lands, and grain production is
commonon the non-irrigated crop lands. Themajority of the grazed foragewithin theLRRsupplied
to the rangeland livestock industry originates from the ~4.3 M ha of annual grass-dominated
rangelands and the ~2 M ha of hardwood forest that support a grassland understory. Most of this
land is privately owned. However, rangeland livestock production at a ranch scale is often an
amalgamationofdeeded, leased,non-federalpublicandfederalpublic lands.Access tofederalpublic
land at higher elevations can be essential for supporting grazing operations during the drier summer
months. Livestock grazing in California is the state’s most extensive type of land use, yet livestock
production is just one ecosystem good within a set of goods and services derived from these
rangelands (Huntsinger and Bartolome 2014). Cow-calf production systems are typically
complemented by stocker operations (young, weaned light-weight calves placed on forage-based
systemsuntil theygainenoughweight tobeplaced in feedlotsorusedasyoungreplacementcowsfor
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beef herds), sheep (~300,000 ewes), or goats (~140,000 including dairy). There are ~1 M head of
stocker cattle grazing annually on California rangelands. Many ranchers support their enterprises
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withothernon-agricultural incomesourcesoroff-ranchemployment.As in theWesternRangeLRR,
ranch values are greatly influenced by land base values rather than animal production, and the use of
conservation easements to extract financial benefits from ranchland is increasingly employed to
maintain ranching operations. Conversion of rangeland to other land uses has been a consistent and
growing pressure on the livestock industry (Huntsinger and Bartolome 2014).

3 Regional vulnerabilities or susceptibilities

Vulnerability has been defined as the extent to which a system may be damaged by climatic
change (McCarthy et al. 2001). This differs from the definition of sensitivity, positive or
negative, to a system by the impacts of climatic change (McCarthy et al. 2001). By assessing
historical impacts of climatic change across the SW for specific landscape locations using the
NRCS system of LRRs, MLRAs, and ecological sites the potential for negative impacts
(vulnerabilities) can be estimated for some processes and properties of these systems, such
as net primary production. For other processes and properties there is less certainty of negative
impacts. The following list includes both vulnerabilities and sensitivities of rangeland livestock
operations to climatic change across the SW region. This list of primary regional impacts is
drawn from Elias et al. (2015). These impacts have specificity to rangeland beef cattle
production in the Southwestern US, but are also more generic to any animal production
system in the region. If the specific natures of each of these impacts are understood, there
are conservation practices, management activities, and/or educational materials and trainings
that can be employed to cope, in varying degrees, with their effects (Table 1).

3.1 Reduced long-term livestock grazing capacities

Inherently low long-term carrying capacities for rangeland livestock will be further reduced.
For example, the Clay Loam Upland ecological site within a 300–400 mm annual precip-

itation zone (NRCS ecological site reference # R41XA109AZ; USDA 2014) is a common site
within MLRA 41 of SE Arizona. Documented representative primary production level for this
site is ~1200 kg/ha/yr. Drier, more arid conditions will likely result in primary production of
<560 kg/ha/yr. This reduction in primary production could equate to a corresponding reduction
of stocking rates of ~20–40 % or more (USDA 2014). Economic costs of livestock grazing
operations are directly linked to forage production (Brownsey et al. 2013). Reductions in long-
term average primary production will directly increase economic costs and further reduce the
inherently low rates of return realized from rangeland livestock operations.

3.2 Reduced air and water qualities

Inherently low ground cover will be further reduced and increase site vulnerability to wind
and/or water erosion.

Fig. 4 aDeclineinAnimalUnitMonths(AUMs;theunitofbillingfor livestockuseofpublicrangelands,andrepresents
onematurecow,withcalf, for30days)usedonallBureauofLandManagement (BLM)administeredpublic landswithin
theWesternRangeand IrrigatedLandResourceRegionofCalifornia,Nevada,Arizona,UtahandNewMexicobetween
2004 and 2012 (USDI 2013), b actual annual billed use and resulting non-use of permitted AUMs from BLM
administered rangelands within the 2.2M ha Las Cruces Grazing District of southern NewMexico between 2002 and
2011(USDI2011),andcchangeinbilledAUMsfrom1947to2011forallBLMmanagedlands in thestatesofCalifornia,
Nevada, Arizona, Utah andNewMexico (USDI 2013).

R
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For example, a Granitic Loam ecological site dominated by creosote bush and native
grasses (NRCS ecological site reference # R030XB137CA; USDA 2014) is a common site
within MLRA 30 in California. Representative annual production is ~450 kg/ha/yr with
ground cover of only ~10–15 % inherent to the site. Drier conditions will likely create a site
with further reduced ground cover, even below 5 %. These sites are extremely susceptible to
high rates of both wind and water erosion. A reduction in ground cover from 15 to 5 % can
triple the potential for soil loss by wind and water erosion (USDA 2014). For example,
decreases in vegetation cover to 5 % in a desert environment in California resulted in a
90 % increase in sand flux, i.e., wind erosion losses (Lancaster and Baas 1998).

3.3 Persistently degraded land health

There will be an increased susceptibility to permanent degraded conditions.
For example, an Upland Loam ecological site dominated by Wyoming Big Sagebrush

(NRCS ecological site reference # R025XY314UT; USDA 2014) is a common site within
MLRA 25 in Utah. This site is susceptible to degradation due to prolonged drought, fire and/or
overgrazing. If vegetation on this site degrades from big sagebrush to yellow rabbit brush and
invasive annuals, the degraded state is self-sustaining and can result in complete loss of site
potential. These sites in degraded states have increased intervals of fire frequency and greatly
reduced values for livestock grazing and as wildlife habitat, including for sage grouse.
Restoration of these degraded states is extremely problematic (USDA 2014)

3.4 Reduced supplies of harvested feeds and pasture forages

The demand for non-rangeland forages will increase and overall supplies that are required in
support of rangeland beef cow-calf production systems will likely be reduced.

The extensive nature of rangeland livestock production across the SW requires periods of
supplemented feed and/or pasture forages (typically seeded forages harvested directly by
grazing animals). Traditional livestock production is highly reliant on harvested forages,
especially hay, that augment limited native forage supplies during drought, dormant seasons,
or periods of exclusion such as during or after wildfires. Irrigated production of supplemented
feeds and forages is prevalent across this region. However, only about 5 % (~0.4 M ha) of the
~8 M ha of pasturelands in the SW were irrigated in 2012, a decline of about 0.2 M ha since
2007 (USDA 2014). These pasturelands are primarily rain-fed (non-irrigated) and use of more
drought tolerant improved forage species for these pasturelands is likely warranted. More
frequent droughts may also contribute to a change in vegetation composition and reduction of
ground cover, both of which can drastically increase susceptibility of ecological sites to water
and wind erosion and reduce primary productivity (Polley et al. 2013; USDA 2014). If the
current number of livestock are to be maintained within this LRR, they will likely need to be
fed harvested or supplemental forages for longer periods with estimates ranging from 4 to
16 % more supplemented feed under increased ambient temperatures (Mader et al. 2009).

3.5 Increased heat stress associated with expansion of arid zones

Arid sites within desert MLRAs (primarily within the Western Range and Irrigated Land
Resource Region) may expand with projected changes in aridity and increased animal heat
stress.
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Higher ambient air temperatures predicted across this arid region will further impact both
soil moisture and potential evaporation rates. These impacts are areas of current research, but
the resulting expansion of aridity is not yet well assessed or predicted. The direct negative
impact of heat stress due to increased temperatures on resulting animal performance is well
documented (St-Pierre et al. 2003).

3.6 Further reduced capacities to sequester carbon

An arid and semi-arid region already seriously limited in its inherent capacity to store carbon
may be increasingly a source of atmospheric carbon.

Desert regions across the SW are periodic sources of atmospheric carbon during the year.
However, uptake, or sequestration, of carbon is restricted to infrequent periods of significant
precipitation that promote primary plant production. Overall carbon stores are quite low across
this arid region, though highly influenced by vegetation type and amount. More arid conditions
that may promote more woody species may increase carbon sequestration, even significantly
(Petrie et al. 2015). Conversely, degradation resulting in annual grassland vegetation
may lower carbon storage in soils and increase atmospheric carbon. Irrespective,
carbon fluxes will continue to be low and volatile throughout the SW region
(Bradley et al. 2006; Svejcar et al. 2008).

3.7 Reduced forage quality

Both harvested forages and rangeland forages may have increased cellulosic and lignin
contents that reduce digestibility in ruminants.

In the SW, livestock production will be reduced by lower forage quality and quantity and a
decrease in voluntary animal intake associated with lower forage quality, higher temperatures
and heat stress. Even in the absence of the effects of increased greenhouse gas concentrations
on climate patterns, atmospheric chemistry will increase the vulnerability of livestock opera-
tions (Polley et al. 2013). Forage quality (digestibility) will also decrease as a result of
increased ambient temperatures (Craine et al. 2010). These declines in forage quality will
result in reduced animal intake and lower animal performance (e.g., reduced daily weight
gains). An emerging industry in the SW, grass-fed beef, may have to cope with decreased
quality and quantity of forages as well as exploit animal genetics that are suited to more arid
environments with greater presence of browse species (Estell et al. 2012).

3.8 Reduced options for stocker cattle operations

Beef cattle production in this region is reliant not only on cow-calf operations, but also on a
declining acreage of pasturelands needed for stocker growth before entering the third phase of
US beef production in feedlots.

Pastureland acreage in the SW Region has declined ~20 % between 2007 and 2012 (a
reduction of ~2 M ha, excluding Arizona that lacks reported data) and the amount of irrigated
pastureland has been reduced by ~35 % (USDA 2013). Stocker inventory has varied around
1.6 M head across the region since 2000), with approximately a ~5 % decline in annual
inventory since 2007. This reflects reduced cow-calf inventories, and further reductions in
irrigated pastureland. Reduced availability of pastures could further constrain opportunities for
stocker operations and inventories.
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3.9 Constraints on preparedness of ranching community for arid or drought
conditions or rebuilding ranching operations following prolonged drought

Even in environments where prolonged droughts are common, the ranching community may
not be adequately prepared for the financial consequences and management requirements of
conditions resulting from prolonged drought.

A recent survey of Utah ranchers who experienced drought in 1999–2004 and again in
2009 indicated that a large percentage (67 %) were either somewhat prepared or unprepared
for the 2009 drought despite their prior experience with a prolonged 5-year drought ending in
2004. The average age of ranchers in the region is ~58 years old. Rebuilding livestock herds
following droughts can be costly and can take years (Doye et al. 2012). Experiences in
response to the recent prolonged drought in the Great Plains indicated that older producers
may opt to sell out rather than rebuild their ranching operations following destocking in
response to drought. This could lead to a generation shift in ranching to younger ranchers who
may be less experienced but more progressive (Coppock 2011).

3.10 Further reduction in the utilization of public land AUMs

Continued increasing demands for ecosystem services other than food and fiber from public
lands in the region will likely continue to reduce their use of public lands to supply forage.

Though the decline in BLM AUMs supplied within the SW region since 2004 depicted in
Fig. 4 is slight, this decrease continues a constant decline throughout the 20th Century. Across
the western US the billed AUMs from BLM lands have been in a steady decline since 1947
(USDI 2013). More specifically, for the five-state SW region the change in billed BLM AUMs
has shown a similar precipitous decline from a high of 8.9 M AUMs before the 1950s drought
to 3.7 M AUMs in 2012 (Fig. 4c). This steady decline in use of public land for livestock
grazing, partly due to a reduced demand or a reduced capacity or both, represents an annual
reduction in forage supply from public land of 30,000–50,000 AUMs. Conditions of these
lands are highly variable, and it is unlikely public lands could even supply forage to meet
increased demand, especially with more arid environmental conditions.

4 Adaptive capacities

This is a region that has supported animal agriculture since the late 16th Century when European
settlers crossed theRioGrande into present daywest Texas and southernNewMexicowith herds of
cattle, sheep, goats and horses (Bowling 1942). For the past 4+ centuries the rangeland livestock
industry, in itsmany forms andmanifestations, has developedmanagement strategies and conserva-
tion practices that impart resilience to common and often prolonged climatic extremes, especially
droughts, which can seriously impact production from these animal agriculture systems (Havstad
etal.2006).Arecentsurveyof rangelandgrazingmanagementpractices in theWestconfirmsrancher
capacities toadoptgrazingpractices that impart resilience (Rocheetal.2015).Theprimarycapacities
of livestockproduction in theSWtoadapt to increasedambient temperatureswill continue to relyon
these proven adaptive strategies (Joyce et al. 2013), such as reduced stocking rates, proper grazing
management practices, erosion control conservation practices, diversified ranch income strategies,
alternative forage supplies, practices that reduce heat stress, and accessing additional rangelands and
pasture lands. Even though the aging demographics of western ranchers may increasingly be a
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deterrent to implementing any of these various adaptations because theymay be unwilling to invest
the needed time and capital, there are examples of creativemanagement coalitions that are emerging
in the SW that can serve as instructivemanagementmodels (Brunson andHuntsinger 2008).

There are additional opportunities for incorporation of transformative practices and tech-
nologies that can sustain animal agriculture in the SW in more extremely variable and arid
environments (Table 1). Transformations include effective incorporation of degraded water for
irrigation, expanded production of drought tolerant feeds and forages, employing beef cattle
genetics suited to either harsh and minimally productive forage environments or amenable to
utilization of non-grass forages, land management partnerships, especially involving public
lands, that create emergency supplies of forage during drought periods, development of real-
time, site-based information applicable to individual ranches, and improvement of readily
accessible weather forecasting capacities at temporal and spatial scales directly applicable to
individual ranch operations (for examples, see: Anderson et al. 2015; Elias et al. In Review).
Some of these transformative strategies have been developed and implemented for other
regions of the world (Martin and Magne 2015; Moore and Ghahramani 2014) and could be
adapted for application to the SW region.

Animal agriculture in the SW has shown a historical capacity to adapt and transform as needed
to arid environments. Producers and land managers will need to thoroughly understand the
vulnerabilities and sensitivities that face them as well as the ecological characteristics of their
specific landscapes in order to cope with the emerging climatic changes across the SW region.
However, there has been a tendency within this agricultural community to neither acknowledge
localized threats of climatic change nor its anthropogenic causes (Prokopy et al. 2015). One of the
purposes of the USDA Climate Hub network is to provide information to producers in efforts to
overcome this resistance, where it exists. One reason the Climate Hub network has worked so
closely in collaboration with the Agricultural Extension Service in many states is to link with
partners, i.e., extension agents, who can reach the agricultural community as an accepted source of
usable and practical information. This collaboration with state based Extension Service networks
has been unique to the USDA Climate Hub network, and an intentional partnership designed to
help overcome resistance to climate change information, where it exists. These historical capacities
and collaborations will be critically important for further adaptation to the climatic changes that are
now occurring and will continue to occur across this SW region.
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