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Rangeland Management 20th Century

Management and regulations needed to reduced 
overgrazing and degradation of rangelands.
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Rangeland Management 21st Century

Woody Plant Encroachment

Cropland ConversionExurban Development

Management needed to address 
multiple, complex challenges that 
impact global rangelands.
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Management: Past and Future

Ø Past management approaches
ü Emphasize simple problems
ü Optimal production forage and animals
ü Minimize production variability

Ø Future management needs
ü Address complex problems
ü Multiple ecosystem services valued
ü Prioritize alternative land uses

Bestelmeyer & Briske 2012
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Moving into the Future

1985 2018
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Presentation Objectives

New approaches for 21st century range management
ü Redefine rangeland systems 
ü Address rangeland marginalization
ü Adapt to a changing climate 
ü Participatory research programs

Bestelmeyer & Briske 2012
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I. Redefining Rangeland Systems

Land supporting native vegetation that is used for 
grazing and browsing animals.
Ø A pasture or paddock perspective has prevailed.
Ø Contributed to reductionist science at small scales.
Ø forage and livestock production
Ø Humans considered to be outside the system.

Bestelmeyer & Briske 2012
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Alternative Vision

Ecological systems supporting native vegetation that are 
managed as adaptive social-ecological systems to provide 
multiple ecosystem services for human well-being.
Ø Landscape or regional perspective
Ø Multiple stakeholder perspective
Ø Diverse ecosystem services valued
Ø Humans exist within rangeland systems

Briske 2017; Bestelmeyer & Briske 2012
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Ecosystem Services                              
Benefits humans derive from ecosystems
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Diverse Services Provisioned
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Global Dryland MEA 2005
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Ecosystem Services Declining

20 of 24 ecosystem services  
degraded in past 50 years
Ø Biodiversity loss
Ø Water quality and quantity
Ø Soil protection
Ø Disease & pest regulation
Ø Climate regulation
Ø Natural hazards regulation

Millennium Ecosystem 
Assessment - 2005
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II. Rangeland Marginalization

Rangelands marginalized throughout modern history 
following European settlement
Ø Crop and Forage Systems
Ø Woody Plant Encroachment
Ø Energy Production
Ø Urban Development
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Land Use - Service Tradeoffs

Increase in one service decreases the supply of others.
Foley et al. Science 2005
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Private vs. Public Goods

Ø Economic markets value goods, but not the 
ecosystems that supply them.

Ø Private goods are provisioning services, while public
goods represent the other categories of services –
regulating, cultural and supporting.

Ø Provisioning services are internal to markets, while 
other ES categories are often external to markets.

Ø External ESs are frequently perceived to have limited 
value in land use decisions.

Jack et al. PNAS 2008
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Private vs Public Benefits

Extensive 
Management

Intensive 
Management

Private Benefits $20/ha $40/ha

Public Benefits $40/ha $10/ha

Total Benefits $60/ha $50/ha

Private Benefits = Positive $20; land use change beneficial
Public Benefits = Negative $30; land use change detrimental

Public benefits become an externality – transaction costs that 
no one pays for in the short term.
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Balance Private and Public Benefits

Jack et al. PNAS 2008
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III. Climate Change

Previous climate projections are being realized.
Ø Warming, especially at high latitudes.
Ø Drying low and mid-latitudes; wetter at high latitudes.
Ø Fewer, but more intense rain storms.
Ø Greater variability and more extreme events.
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Modest warming 2035

Greater warming 2100

Spring begins earlier?

Number of hot days?

2035 2100RCP 4.5

RCP 8.5

Barros et al.  WIREs CC 2015

Patagonia 
Temperature
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Minimal drying projected

Increasing variability?

More extreme events?

Barros et al.  WIREs CC 2015

2035

RCP 8.5

2100RCP 4.5 Patagonia 
Rainfall
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Rangeland Implications

Ø Variable forage production
Ø Reduced forage quality
Ø Modified species composition
Ø Invasive species expansion
Ø Reduced animal nutrition
Ø Increased wildfire potential
Ø Drying riparian systems

Polley et al. 2013 REM
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Forage Quantity - Future Climates

Ø Forage quantity increases 
with similar rainfall

Ø Photosynthesis   30% with 40%   
in atmospheric C02

Ø Water loss from plants  20% 
Ø Water-use efficiency                 

C02 uptake/water vapor loss
Ø Plant temperature optimum   
Ø Offset by   rainfall variability?

Polley et al. 2013 REM



ESSM

Forage Quality - Future Climates

Forage quality decreases, but varies among plant 
species and years.
Ø 600 ppm C02   both DMD & N
Ø DMD:  63.3 to 61.6%
Ø N:  1.25 to 1.04%
Ø Warming + C02  N by13%
Ø Steer gain estimated  12.5%
Ø N supplements in dry years

Augustine et al. 2018 Ecol. Appl.
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Climate Adaptation is Complex

Reduce vulnerability to climate stressors.
Involves many sectors of society at multiple scales.
Ø Human capacity
Ø Enterprise modifications
Ø Institutional adjustments
Preparation for unknown future is difficult.
Ø Adaptation deficits are common in ranchers/farmers
Ø Capacity for adaptation is heterogeneous

Briske et al. 2015 FEE
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Human Capacity

Individual
Ø Perception of risk
Ø Willingness to change
Ø Experience/Education

Community
Ø Land ownership
Ø Human demographics
Ø Social networks

Joyce et al. REM 2013
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Enterprise Adaptations

Ø Anticipatory planning
Ø Grass banking
Ø Flexible stocking strategies
Ø Livestock breeds and species
Ø Ectoparasite control
Ø Fire – fuel management
Ø Income diversification

Derner et al. Clim Change 2018
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Institutional Adaptations

Ø Institutional capacity
ü Vulnerability assessment
ü Technical & financial support
ü Social learning networks

Ø Policy development
ü Land use policies
ü Drought assistance/insurance
ü Emergency feeding programs

Ø Markets for other ecosystem services
Joyce et al. REM 2013
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IV. Participatory Research Programs

Scientists or extension specialists one of several 
stakeholders exchanging ideas to create knowledge.
Ø Problem is more accurately identified and addressed
Ø More relevant knowledge produced
Ø Land owner acceptance and application enhanced

ü Grazing associations
ü Burning associations
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Adaptive Management

Ø Systematic approach for improving natural resource 
management by learning from management outcomes 
i.e., learning by doing.

Ø Combining the need for management action with a 
plan for learning.

Ø Management decisions treated as experiments that are 
monitored to increase knowledge of both the system 
and the management actions.

Williams 2011 JEM
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Collaborative Adaptive Management

Ø Partnerships among diverse stakeholders that share 
interest in natural resource management outcomes.  

Ø Recognizes the value of  knowledge possessed by 
various stakeholders and spans management scales.

Ø Embedded in complex and evolving social 
relationships and structures.
ü Financial considerations
ü Commodity markets
ü Land tenure and taxation
ü Societal needs & expectations

Scarlett 2013 E&S
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Rancher Decision Making Environment

Grazing management varies greatly among ranches 
in eastern Colorado.
Ø Size and number of paddocks
Ø Number of livestock herds
Ø Livestock rotational times
Ø Seasonal use of paddocks 
Yet, all ranches were sustainable through time.
What important management variable did not vary?

Wilmer et al. 2018 REM
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Total Ranch Stocking Rate Similar 

What has been the focus of grazing management?
Ø Size and number of paddocks
Ø Number of livestock herds
Ø Livestock rotational times
Ø Seasonal use of paddocks 

These variables represent a very small portion of the  
decision making environment of ranchers!

Wilmer et al. 2018 REM



ESSM

Rancher Decision Making Environment

Decisions occur in complex, dynamic social-ecological 
systems that extend beyond the individual ranch.

ü Financial considerations
ü Commodity markets
ü Land tenure and taxation
ü Societal needs and expectations

20th century range management approaches 
can not address these complex challenges.

Wilmer et al. 2018 REM
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Conclusion

“The challenge is not finding ways to know the future, 
but to find ways to live without knowing the future”. 
Ø Where are current trends leading?
Ø Is this creating a future we want?
Ø How do we attain desired futures?

Miller 2011; Bia et al. 2016


