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The Great Plains provide a major portion of US beef cattle production, and beef cattle represent the largest
sector of the regional agricultural economy. Cattle producers regularly contendwith climate variability, but
the consequences of this variability are less well understood than for cropping systems. A retrospective
analysis of US Department of Agriculture AgCensus data was conducted to assess the extent to which
climate variability (1978�2017) has affected the spatial and temporal distribution of beef cow numbers
throughout the Great Plains. Cow numbers were remarkably stable, declining only 3.1% between 1978 and
2017. However, beef production increased 30% during this period, in response to a steady increase in live
animal slaughterweight. Cownumbers decreased during droughts in the late 1980s and the early 2010s but
recovered before the subsequent 5-yr census. Cownumbers decreased 5.1%, 8.8%, and 4.0% in theNorthern,
Central, and Southern Plains, respectively, between the 1982 and 1987 censuses, even though annual
precipitation only decreased in the Northern Plains. The reduction in cow numbers during the 2010s
drought, which is assumed to portend future extreme droughts, was greatest in the Southern Plains
(�17.6%) followedby the Central (�11%) andNorthern Plains (�4.9%), comparedwith the 2007 census. The
relative increase in beef cow numbers in the Northern Plains may represent an emerging signal of climate
variability on rangeland beef production. This may be a consequence of weaker correlations between cow
numbers andmean annual precipitation and temperature established by lowermean annual temperatures
in theNorthern Plains. This retrospective analysis indicates that continued climatewarming anddryingwill
adversely affect rangeland beef production, it identifies a large knowledge gap between climate variability
and sustainable rangeland beef production, and it provides a reference to begin assessing the vulnerability
of rangeland beef cattle production in future climates.

© 2019 The Society for Range Management. Published by Elsevier Inc. All rights reserved.
Introduction

The Great Plains is an expansive area (1.3 million km2) that
extends eastward from the Rocky Mountains to the 97th meridian
to longitudinally bisect the United States. Approximately 89% of the
total land area, consisting of similar proportions of grassland and
cropland, supports a major agricultural economy (Drummond et al.,
2012; Tollerud et al., 2018). Agricultural income from livestock and
crops totaled $101 billion in 2017, with livestock contributing to 57%
of the total amount (USDA ERS, 2019a). The Great Plains contain
four of the five states with the largest beef cow numbers and
approximately 50% of the US beef cow herd (USDA NASS, 2018b).

Climate variability, especially drought, has always had a major
impact on agriculture in the region. Accelerating climate change and
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variability since the 1970s has increased mean annual temperature,
modified precipitations patterns, and increased the frequency of
extremeweather events throughout the region (Conant et al., 2018;
Kloesel et al., 2018). A continuation of these trends is projected to
further increase mean annual temperature (MAT) and temperature
extremes in the United States compared with historic (1976�2005)
averages.MATsareprojected to increaseby1.4�1.6�C in thefirst half
of the century (2021�2050), creating average conditions equivalent
to those observed during the 2012 drought, and 1.6�6.6�C in the
latter portion of the century (2071�2100) (Vose et al., 2017).
Extreme temperatures are projected to add 30 more d per yr with
maxima >32�C by midcentury. Mean annual precipitation (MAP) is
projected to remain constant in the Southern Great Plains, but it is
projected to increase (10�30%) in the Northern Plains, especially
during winter and spring (Vose et al., 2017). Atmospheric warming
may contribute to “greater frequencies and magnitudes of agricul-
tural droughts throughout the continental United States as the
resulting increases in evapotranspiration outpace projected pre-
cipitation increases” (Wehner et al., 2017, p. 237).
hts reserved.
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Figure 1. Map of US Great Plains and three latitudinal regions that were emphasized in
this investigation.
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Rangeland beef cattle production, including both cow-calf and
stocker operations, is directly and indirectly influenced by climate
variability (Nardone et al., 2010). High temperatures adversely affect
animal forage intake (Blackshaw and Blackshaw,1994), weight gain
(Mader, 2003), and reproductive efficiency (Amundson et al., 2006).
For example, steer production in the Northern Plains was highest
during years with cool, wet springs and warm, wet summers,
especially at higher stocking rates (Reeves et al., 2013a, 2013b).
Calves had greater growth rates in years with cool growing seasons
in the Northern Plains, suggesting that increasing temperature may
reduce production (MacNeil and Vermeire, 2012). Intraannual and
interannual precipitation variability directly affects forage quantity
and quality, and it may indirectly modify plant community compo-
sition, plant species invasions, and wildfire frequency and intensity
(Polley et al., 2013; Augustine et al., 2018). This establishes that the
consequences of climate variability on beef cattle production are
complex, poorly understood, and difficult to predict.

Climate variability also has important economic implications for
rangeland beef cattle production (Ritten et al., 2010; Irisarri et al.,
2019). Drought reduces both forage quantity and quality to in-
crease operating costs and reduce profits as a result of supple-
mental feeding, loss of animal condition, and costly destocking-
restocking cycles (Bastian et al., 2006; Torell et al., 2010;
Kachergis et al., 2014). The negative impacts of dry years are
greater than the positive impacts of wet years for beef cattle op-
erations because relationships among precipitation, forage pro-
duction, and calf gains are nonlinear (Hamilton et al., 2016).
Consequently, increasing climate variability presents a serious
challenge to the economic viability of beef cattle production (Ritten
et al., 2010; Irisarri et al., 2019). The paucity of information
regarding the ecological and economic consequences of increasing
climate variability on rangeland beef cattle production represents a
critical knowledge gap (Shrum et al., 2018).

A retrospective analysis of recent climate variability (1978�2017)
on the spatial and temporalpatternsofbeef cownumbers throughout
the Great Plains was conducted to provide a baseline from which to
anticipate potential consequences of future climates and inform
adaptation strategies to maintain ecological sustainability and eco-
nomic viability. Specific objectives were to 1) assess the spatiotem-
poral trends of beef cow numbers to climate variability, 2) survey
trends inbeef cattleproductionduring the sameperiod,3) investigate
correlative relationships between cow numbers and mean annual
precipitation and temperature, and 4) develop inferences for beef
cattle production in future climates throughout the Great Plains. This
assessment is based on data derived from the US Department of
Agriculture (USDA) National Agricultural Statistics Service (NASS).
Data are summarized for individual states in the Northern, Central,
and Southern Plains regions (Fig. 1).

Methods

The study region included 10 states in the central continental
United States, which collectively represent the Great Plains (see
Fig. 1). Statistics for beef cow numbers, overall cattle numbers, and
grazing land area for these states were accessed from nine suc-
cessive USDA NASS Agricultural Census (AgCensus) reports that
were conducted at 4- to 5-yr intervals (1978e2017). The 1978
census was selected as the initial reference because it coincided
with maximum beef cow numbers and the incremental increase in
MAT in the Unite States and globally (Hansen et al., 2010). A 30-yr
period is generally acknowledged as a standard temporal reference
for climate data analysis (WMO, 2011). AgCensus data are provided
through the USDA Census of Agriculture Historical Archive (http://
agcensus.mannlib.cornell.edu/AgCensus/) and USDA NASS Quick
Stats database (http://quickstats.nass.usda.gov). The first four
census datasets (1978�1992) were digitized from online PDFs. The
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last five datasets (1997�2017) were digitally available online and
were downloaded inMicrosoft Excel format. Cow density data were
analyzed and reported as number of animals per 100 km2 grazing
land per state. Grazing landwas defined as “permanent pasture and
rangeland, other than cropland and woodland pastured” (USDA
NASS, 2018b). We acknowledge that this underestimates forage
availability because cattle also graze crop residues and dual-
purpose crops (e.g., winter wheat). Annual beef production was
calculated as the product of total cattle numbers by region and the
average live slaughter weight of individual animals. Total cattle
numbers were based on beef cows, milk cows, heifers, heifer calves,
bulls, bull calves, steers, and steer calves (USDA NASS, 2018a), and
live animal slaughter weight represented the weighted average of
these categories. This generalization was necessary because USDA
NASS AgCensus does not report live slaughter weight of individual
animal categories, including beef cows.

Annual, state-based averages for average air temperature and
total precipitation from 1975 to 2017 were downloaded from the
National Oceanic and Atmospheric Administration National Centers
for Environmental Information Climate at a Glance website (www.
ncdc.noaa.gov/cag/). Microsoft Excel was used to process all data.
Percentage or absolute change in both cattle and climate values over
time is relative to the initial census (1978) or the respective previous
census; these changes were specified in their respective results
sections. Correlation coefficients were created for each region be-
tween cow numbers as reported in the AgCensus and MAP and MAT
for the year of the census, as well as 1 and 2 yr before the census.

Results

Spatiotemporal Trends

Approximately 16.3 million beef cows existed in the Great Plains
in 2017, which represented 52% of the total US beef cow herd
(Fig. 2a) (USDA NASS, 2018b). This represented a 3.1% decrease from
16.9 million animals in 1978 (see Fig. 2a). The decrease in beef cow
numbers revealed a distinct latitudinal trend among regions. The
Southern Plains (�8.9%) and Central Plains (�5.2%) exhibited
ent of Beef Cow Numbers to Climate Variability Throughout the U.S.
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Figure 2. Number of beef cows (a) and grazing land area (b) in the Northern, Central, and Southern Plains regions and the total values for the entire Great Plains from 1978 to 2017.
The y axis corresponds to the Northern, Central, and Southern Plains, and the z axis corresponds to the entire Great Plains. Variability of grazing land area in the entire Great Plains
appears disproportionately large due to the scale differences between the axes. Numerals above the dotted line in (a) show the relative percentage of beef cows in the Great Plains
compared with the US total. Source: USDA NASS, 2018b.
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substantial decreases while beef cow numbers increased consid-
erably in the Northern Plains (þ8.8%). Grazing land area gradually
decreased for the entire Great Plains from 1.27 million ha in 1978 to
1.19 million ha in 2017 (see Fig. 2b), a reduction of 6.3%. During the
same period, the Northern Plains lost about 10.7%, followed by the
Central Plains (�8.6%) and Southern Plains (�2.1%).

Average cow density (1978�2017) was lowest in the Northern
Plains (1 157 animals per 100 km2 grazing land) and highest in the
Central Plains (1837animals per100km2grazing land). The Southern
Plains (1 300 animals per 100 km2 grazing land) was similar to the
mean density for the entire Great Plains (1 351 animals per 100 km2

grazing land). When compared with the mean value for each region,
temporal variation in cow density was largest in the Southern Plains
(þ12% to �17%), followed by the Northern Plains (þ11% to �9%)
Figure 3. Change in cow density in the Northern, Central, and Southern Plains regions and
density. Source: USDA NASS, 2018b.
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while the Central Plains had the smallest variation (þ6% to �13%)
(Fig.3). Linear trendswerenegative in theCentralandSouthernPlains
observed and positive in the Northern Plains (not shown).

Total cattle numbers (cattle and calves combined) in the Great
Plains were remarkably constant between 1978 and 2017 (44.5
million compared with 44.7 million) while cattle numbers declined
9.8% for the entire United States during the same time period (not
shown). Beef production increased in the Central Plains (þ2.3%),
decreased intheNorthernPlains (�2.1%), andremaindconstant in the
Southern Plains (not shown). These changes in total cattle numbers
were accompanied by a steady increase in animal size and weight.

Live animal slaughter weight (weighted average of all cattle and
calves slaughtered) was 29.5% higher in 2017 compared with 1978.
This represents an increase from 473 kg/animal to 613 kg/animal
for the entire Great Plains, relative to each region’s 40-yr (1978�2017) average cow

ent of Beef Cow Numbers to Climate Variability Throughout the U.S.
j.rama.2019.07.004



Figure 4. Mean slaughter weight of federally inspected live beef cattle in the United States. Solid line shows mean annual weight, and solid bars highlight weights in census years.
Source: USDA NASS, 2018a.
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during this 40-yr period, amean increaseof34.9kgperdecade (Fig. 4)
(USDA NASS, 2018a). This increase in animal weight contributed to a
29.9% (21.1 million tons compared with 27.4 million tons) increase in
total beef production in the Great Plains over the same period (Fig. 5)
and a 16.8% increase for the entire United States (not shown). In-
creases in beef production were slightly greater in the Central Plains
(þ32.5%) compared with the Northern and Southern Plains (þ26.8%
andþ29.4%, respectively), over this40-yrperiod(seeFig. 5), reflecting
respective changes in regional herd sizes. Between 2007 and 2012,
total beef production in the Great Plains decreased 8.1%, from 26.6
metric tons to 24.5 million tons (see Fig. 5). Only the Southern Plains
(�16.9%) and Central Plains (�4.4%) contributed to this decrease;
production in the Northern Plains increased by 5% during this period.

Impact of Climate Variability

The trend of decreasing beef cow numbers did not occur grad-
ually but was associated with two drought events. The first
decrease in cow numbers occurred between the 1982 and 1987
censuses, followed by a recovery period until 1997 or 2002,
depending on the region, and another sharp decrease between the
2007 and 2012 censuses (Fig. 6). The first major decrease corre-
sponded with an increase in MAT from 1985 to 1986 or 1987,
depending on the region (Fig. 7), while MAP decreased from 1986
to 1988 (Fig. 8). The second major decrease corresponded with an
increase in MAT across the entire Great Plains and a decrease in
MAP in the Central and Southern Plains from 2009 to 2012.
Figure 5. Beef cattle production (million tons) in the Northern Plains, Central Plains, and So
NASS 2018a and 2018b.
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The largest decreases in cow numbers were associated with
higher than normal temperatures and lower than normal precipi-
tation (Figs. 6�8). In particular, the decline between 2007 and 2012
was associated with a severe drought across the central United
States that affected numerous agriculture sectors (NRDC, 2013;
Hoerling et al., 2014; USDA ERS, 2019b). This drought, which
continued until 2014, reduced beef cow numbers 12.4% throughout
the Great Plains between 2007 and 2012, but decreases varied
greatly among regions: cow numbers in the Northern, Central, and
Southern Plains decreased by 4.9%, 11%, and 17.6%, respectively (see
Fig. 6). Greater decreases in cow numbers along a latitudinal
gradient from the Northern to the Southern Plains corresponded
with a greater MAT and greater decrease in MAP during this period.

Correlation with Climate Variables

MAT for the Northern, Central, and Southern Plains over the 40-
yr period was 5.9�C, 10�C, and 15.4�C, respectively, while MAP for
these three regions was 464 mm, 598 mm, and 665 mm, respec-
tively. MAT gradually increased throughout the Great Plains from
1978 to 2017 (see Fig. 7). The yr of the 2012 census was thewarmest
in all three regions over the 40-yr period. MAP and interannual
variability of precipitation increased in all three regions since 1978
(see Fig. 8).

The response of beef cow numbers among regions differed
appreciably between the late 1980s and 2010s droughts. Cow
numbers showed the greatest decrease in the Central Plains
uthern Plains regions and for the entire Great Plains from 1978 to 2017. Source: USDA
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Figure 6. Changes (%) in beef cow numbers relative to the previous census in the
Northern, Central, and Southern Plains regions and the total US beef cow herd. Source:
USDA NASS, 2018b.
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(�8.8%) and to a lesser extent in the Northern and Southern Plains
(�5.1% and �4.0%, respectively), between the 1982 and 1987 cen-
suses (see Fig. 6). These decreases were not closely aligned with
respective changes inMAP andMAT, which weremost severe in the
Northern Plains, and much more moderate in the Central and
Southern Plains (Table 1). The decrease in cow numbers may have
eventually been greater in the Northern Plains because the most
severe yr of the drought was 1988, the yr following the census yr.
Cow numbers decreased to a greater extent in the Southern and
Central Plains (�17.6% and �11%, respectively) compared with the
Northern Plains (�4.9%) between the 2007 and 2012 censuses (see
Fig. 6). These relative decreases closely aligned with changes in
MAP and MAT among regions, which were more severe in the
Southern and Central Plains (see Table 1).

Correlations between beef cow numbers per region and MAP
and MAT provide additional insight into the response of rangeland
beef cow numbers to climate variability. A positive correlation
existed in each region between cow numbers and MAP the year of
the census; higher MAP in a census year coincided with higher cow
numbers. This correlationwas stronger in the Central and Southern
Plains than in the Northern Plains (0.44 and 0.45 compared with
0.11, respectively; Fig. 9a). Correlations with MAP 1 and 2 yr before
the census yr were also strong but showed different responses to
those with MAP the yr of the census. Correlation coefficients
remained positive, although weaker, in the Central and Southern
Plains, and they became negative in the Northern Plains for the
previous year. Unexpectedly, these trends were reversed when beef
cow numbers were compared with MAP 2 yr before the census yr;
correlations with cow numbers became positive in the Northern
Plains but negative in the Central and Southern Plains (see Fig. 9a).
A negative correlation existed between cow numbers and MAT the
year of the census for all nine censuses in all three regions (see
Fig. 9b); lower MAT in a census year coincided with higher cow
Figure 7. Mean annual air temperatures from 1975 to 2017 in the Northern, Central, and Sou
horizontal lines show regional averages for the years preceding a census (e.g., 1975�1978 f
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numbers. This correlation was strongest in the Central Plains and
weakest in the Northern Plains. Correlations between beef cow
numbers and MAT 1 and 2 yr before the census were generally
weaker and showed less consistent responses than those for the yr
of the census (see Fig. 9b).
Discussion

Beef cattle production occurs within complex social-ecological
systems in which climate variability is only one of several control-
ling variables, so the inference space of this investigation is neces-
sarily limited. For example, beef cattle numbers in the United States
exhibit a recurring 8- to 13-yr cyclical pattern in response tomultiple
variables influencing supply and demand (Griffith and Alford, 2002).
The decreases in cow numbers associated with the late 1980s and
early2010sdroughts coincidedwithdepressedphasesof theUScattle
market cycle; the cattle inventorydecreasedduring the lasthalf of the
1979�1990 cycle and again in the last half of the 2004�2014 cycle
(USDA NASS, 2016).The depressed cattle market cycle in the late
1980s may explain why cow numbers decreased in the Central and
Southern Plains even thoughMATandMAP remainednear long-term
mean values. However, climatic variability, in addition to socioeco-
nomicvariables, is knownto influence cattle cyclesbyaffecting forage
availability and production costs, and thismay have been the case for
the 2004�2014 cycle (Griffith and Alford, 2002).

A comparison of beef cow responses among the three regions to
the two drought periods yields additional insights into the conse-
quences of climatic variability. The late 1980s drought was centered
in the Northern Plains, but it did not decrease cow numbers to a
much greater extent than those observed in the Central and South-
ern Plains (see Table 1). Cow numbers in the Northern Plains showed
similar decreases to the 2010s drought given similar decreases in
MAP while more severe drought in the Central and Southern Plains
was associated with larger decreases in cow numbers. The relative
stability of beef cow numbers to both drought periods and weak
correlations between cow numbers and MAT and MAP in the
Northern Plains suggests the existence of a moderating influence of
climate variability on cownumbers comparedwith the two southern
regions. Low MAT in the Northern Plains may contribute to greater
NPP per unit of precipitation (increased rain-use efficiency) on the
basis of lower rates of evapotranspiration (Sala et al., 1988; Vermeire
et al., 2009). In addition, an extended winter period and additional
feeding costs may lower cow density to function as an inherent
drought adaptation mechanism.

Positive and negative correlations between beef cow numbers
and MAP and MAT, respectively, are consistent with limited
experimental observations in the Northern Plains (MacNeil and
Vermeire, 2012; Reeves et al., 2013a, 2013b). They provide further
thern Plains regions. Graphs show mean annual temperature in each region, and solid,
or the 1978 census). Source: NOAA NCEI, 2019.
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Figure 8. Mean annual precipitation from 1975 to 2017 in the Northern, Central, and Southern Plains regions. Graphs showmean annual precipitation in the three regions, and solid,
horizontal lines show regional averages for the yr preceding a census (e.g., 1975�1978 for the 1978 census). Source: NOAA NCEI, 2019.
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evidence for the adverse effects of increasing interannual variation
in MAP and increasing mean and extreme temperatures on beef
cow numbers and potentially cattle production. This response was
especially evident in the 2010�2012 drought where beef cow
numbers had the greatest decrease in the Southern Plains (�17.6%)
followed by the Central (�11%) and Northern Plains (�4.9%).
Collectively, these trends identify a climate signal on rangeland beef
cow numbers in the Great Plainsdlarger relative decreases in re-
gions at lower latitudes that are characterized by higher MAT and
larger decreases in MAP. These critical climatic variables mediate
soil water content to influence multiple ecosystem processes,
including net primary production, and secondarily beef cattle
production (Polley et al., 2013).

The changing positive and negative correlations between cow
numbers andMAP and MAT are difficult to interpret and suggestive
of a complex interaction. Lagged responses (1�3 yr) have previ-
ously been recognized, and they may result from a progressive
increase in plant density and soil water carryover to the subsequent
growing season (Moran et al., 2014; Petrie et al., 2018). The po-
tential for direct animal responses (e.g., forage intake rates,
conception rates, lactation, calf growth, weaning weights) to MAP
in previous years remains unknown and is difficult to determine
(Amundson et al., 2006; Nardone et al., 2010).

Historically, extreme climate variability, especially multiyear
drought, has had themost adverse impact on beef cattle production
and profitability (Bastian et al., 2006; Hamilton et al., 2016) and
there is a high probability that climate variability will increase in
the future (Conant et al., 2018; Kloesel et al., 2018). Unfortunately,
drought frequency and intensity are difficult climate anomalies to
project. For example, the recent National Climate Assessment has
indicated that long-term drought projections are unreliable in the
United States beyond the southwest region (Wehner et al., 2017, p.
237). However, several investigations describe a greater probability
of severe drought in the Central and Southern Plains as the century
progresses (Cook et al., 2015; Seager et al., 2018). The combined
effect of increasing interannual precipitation variability and
Table 1
Changes in cow numbers, mean annual precipitation (MAP), and mean annual temper
censuses, for the Northern, Central, and Southern Plains.

1982-1987

Cow numbers MAP M

Northern Plains �5.1% �37.5% þ
Central Plains �8.8% þ0.6% þ
Southern Plains �4.0% þ10.7% �

MAP, mean annual precipitation; MAT, mean annual temperature.
Source: USDA NASS, 2018b, NOAA NCEI, 2019.
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increasing mean and extreme temperatures will further challenge
rangeland beef cattle production throughout this century, espe-
cially in the Southern and Central Plains, as evidenced by the
2010�2012 drought.

The two major drought events, as well as depressed phases of
the two associated cattle cycles, coincided with the negative phase
(La Ni~na) of the El Nino Southern Oscillation (ENSO) (NOAA ESRL
Physical Sciences Division, 2019), which is associated with low
MAP in the United States (Chen et al., 2017). The Pacific Decadal
Oscillation (PDO) is hypothesized to interact with ENSO, and
drought in the Great Plains was found to be most severe when
ENSO and PDO are in phase (i.e., La Ni~na and a cold PDO phase) (Hu
and Huang, 2009). PDO and the Multivariate ENSO Index (NOAA
ESRL Physical Sciences Division, 2019) were in phase during the
first drought period, but they were out of phase during the second
drought (PDO in warm phase), which is inconsistent with their
hypothesized interaction on drought severity.

Economic viability may be more sensitive to increasing climate
variability than agricultural production because of rising produc-
tion costs, including those associated with implementation of
adaptation strategies (Thamo et al., 2017). The variability of net
enterprise incomewas found to be greater than that of either forage
or steer production over a 15-yr period (2003�2017) in the Central
Plains (Irisarri et al., 2019). In this instance, the variability of live-
stock markets proved to be more consequential to enterprise
profitability than did climate variability. This justifies the high
priority that rangeland beef producers often place on socioeco-
nomic considerations, and it emphasizes the importance of stra-
tegic agribusiness decisions and long-term financial strategies in
climate adaptation planning (Bastian et al., 2006; Hamilton et al.,
2016). However, adaptation planning for rangeland cattle produc-
tion will need to balance economic decisions with ecological con-
straints because external inputs are less cost effective than in
cropping systems (Roche et al., 2015; Wilmer et al., 2018).

The limited emphasis on near-term and midterm consequences
of climate variability and change on rangeland beef cattle
ature (MAT) for drought events associated with the 1982�1987 and 2007�2012

2007-2012

AT Cow numbers MAP MAT

1.4�C �4.9% �30.5% þ1.7�C
0.3�C �11.0% �79.3% þ1.8�C
0.7�C �17.6% �62.4% þ1.5�C
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Figure 9. Correlation between beef cow numbers and (a) annual total precipitation and (b) mean annual air temperature for the Northern, Central, and Southern Plains regions
from nine censuses between 1978 and 2017. Correlation coefficients are shown for the yr of the census (yr 0), as well as 1 yr (yr-1) and 2 yr prior (yr-2) to the census year.
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production in the Great Plains is disconcerting given its recognized
climate sensitivity and agricultural and economic significance to
rural economies throughout the region. In contrast, potential re-
ductions in yield and the potential value of adaptation strategies
under various climate scenarios have been effectively developed for
cropping systems (Challinor et al., 2014; Hatfield et al., 2018).
However, neither potential economic losses to climate variability
nor benefits of adaptation strategies are well defined in rangeland
beef cattle systems, presumably because of greater complexity and
the longer duration of the production cycle in comparison with
cropping systems. Crops are harvested within 4 mo of planting, and
the growing season frequently coincides with the most favorable
environmental conditions during the year. In contrast, the beef
cattle production cycle may be 10 times longer and includes several
distinct production phases. For example, calves are weaned at 14
mo, grain finished cattle are slaughtered at 30mo, and replacement
heifers produce their first calf at 34 mo, including the 9.4-mo
gestation period of brood cows. A longer and more complex pro-
duction cycle increases the probability for a climate anomaly to
directly or indirectly affect both production and profitability.

Beef cattle producers in the Southern Plains have expressed
considerable interest in adaptation strategies regardless of their be-
liefs regarding the existence and cause of climate change (Campbell
et al., 2019). This provides an important window of opportunity to
develop programs and incentives to meet this critical demand for
climate information and adaptation strategies. Producers may be
more motivated to adopt adaptive strategies when the effects of
climate variability are presented as being local and specific, rather
thannationalorgeneric (Campbell etal., 2019).Thispoints to theneed
for local and regional programs focused on the development of
adaptation strategies that are perceived as being relevant and effec-
tive by beef producers. Producer needs are heterogeneous and will
vary with producer demographics and climatic impacts within
distinct geographical regions (Joyce et al., 2013; Briske et al., 2015).

Current adaptation strategies emphasize the development of
drought contingency planning centered around 1) conservative
stocking rates and grass banking, 2) options to increase herd flex-
ibility, and 3) income diversification that is independent of climate
variability (Joyce et al., 2013; Derner et al., 2018; Shrum et al., 2018;
Steiner et al., 2018). However, it is widely assumed that large
adaptation deficits (less than optimal adaptation investments) exist
among rangeland beef cattle producers in relation to current
climate variability (Coppock, 2011; Joyce et al., 2013; Marshall et al.,
2018). Projections of increasing climate variability and growing
beef producer interest in adaptation strategies identify the need for
more comprehensive climate risk planning to support the eco-
nomic viability and ecological sustainability of beef cattle produc-
tion in the Great Plains (Shrum et al., 2018).
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Management Implications

A retrospective investigation of beef cow trends over the past 40
yr reflects a signal of climate variability in beef cow numbers within
the Great Plains. This signal is represented by an increasing pro-
portion of cows in the Northern Plains compared with the Central
and Southern Plains and positive and negative correlations be-
tween beef cow numbers and mean annual precipitation and mean
annual temperature, respectively. This climate signal was especially
evident in the 2010�2012 drought where the greatest relative
decreases in cow numbers occurred in the Southern and Central
Plains, which had the highest mean annual temperatures and the
largest decrease in mean annual precipitation. Climate variability is
anticipated to increase as the century progresses, especially in the
Southern Plains, which may further contribute to the northward
distribution of beef cattle in the Great Plains.

The consequences of climate variability and change on ran-
geland beef cattle production have received minimal attention
compared with cropping systems. Closing the knowledge gap
between beef cattle production and increasing climate variability
represents a major challenge for both the beef cattle industry
and agricultural research institutions. The maintenance of
economically viable and ecologically sustainable beef cattle
production in future climates may require the involvement of
multiple societal sectors. Beef cattle are produced on privately
owned land throughout the Great Plains, which identifies the
USDA National Resource Conservation Service as the primary
federal agency to provide technical knowledge and financial
support for climate adaptation strategies. Specific programs or a
unique conservation practice standard could be developed to
implement climate adaptation strategies on rangelands with
Farm Bill funding allocated to the Environmental Quality
Incentive Program. The USDA Climate Hubs, operated by the
Agricultural Research Service and US Forest Service, along with
increased USDA grant funds directed toward land grant univer-
sities, could develop relevant scientific information to close this
important knowledge gap. Effective climate contingency plan-
ning to sustain viable beef cattle production has major impli-
cations beyond the nation’s beef supply by maintaining intact
grazing lands and the diverse ecosystem services that are
derived from them.
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