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A grand challenge for the 21st century is to avoid transitions in nature that are so severe 
their consequences go beyond the traditions of any single discipline.

Scientists now hypothesize that the most 
catastrophic transitions are those that 

transcend scale



Science is well-positioned to support the scaling-up of conservation in the Great Plains



Rangeland Analysis Platform

Rangeland Cover
• 0-100% aerial cover
• 5 vegetation groups
• Annual time-step

Rangeland Production
• lbs/acre
• 2 vegetation groups
• Annual time-step
• 16-day time-step



The Great Plains Biome 
is Collapsing

$177M spent in last Farm Bill

Southern Plains:           $164.5 M
Southern Mountains: $59.6 M
Pacific:         $25.9 M
Northern Plains:          $12.5 M
Northern Mountain:     $8.5M

Uden et al. 2020; Twidwell et al. 2021
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The Problem of the ”Improvement then Restoration” Paradigm Windbreaks

1.14M NRCS practices;
Cady et al. in prep
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The Top Drivers of Grassland Loss in the Great Plains Biome: 
Land Use Conversion & Woody Encroachment

Morford et al. in 2022



Biome-level consequences: Rancher livelihoods, 
Wildfire danger, Human health, Water, Endangered 
species, School funding, Regulatory pressure





National Rangeland Statistics South Dakota
Productivity lost to woody 

encroachment in 2019
Productivity lost to woody 

encroachment in 2019

145,352 tons 145,352 tons

Nebraska
Productivity lost to woody 

encroachment in 2019
Productivity lost to woody 

encroachment in 2019

419,328 tons 3,881,756 tons

Kansas
Productivity lost to woody 

encroachment in 2019
Productivity lost to woody 

encroachment in 2019

2,060,106 tons 28,902,217 tons

Oklahoma

Productivity lost to woody 
encroachment in 2019

Productivity lost to woody 
encroachment in 2019

4,491,096 tons 76,529,801 tons



National Rangeland Statistics

Equivalent to 698K Round Bales

Nebraska
Productivity lost to woody 

encroachment in 2019
Productivity lost to woody 

encroachment in 2019

419,328 tons 3,881,756 tons



Losses following Early Warning

Productivity lost to tree 
encroachment in 2019

Cumulative production lost to 
tree encroachment (1990-2019)

29,814 tons 333,857 tons

Total rangeland productivity = 349,875 tons



Early Warnings for Woody Transitions – Knox County Area
1990



Early Warnings for Woody Transitions – Knox County Area
2020 – Similar to 2000 Riley County, KS



Productivity lost to tree 
encroachment in 2019

Cumulative production lost to 
tree encroachment (1990-2019)

8,707 tons 79,814 tons

Total rangeland productivity = 2,797,753 tons

Losses following Early Warning



1990



2020 – Similar to 2000 Knox County



Productivity lost to tree 
encroachment in 2019

Cumulative production lost to 
tree encroachment (1990-2019)

64 tons No losses

Total rangeland productivity = 345,169 tons

No Losses…
…but are Early Warning Signals present?



Early Warnings for Woody Transitions – Arthur County Area
1990



Early Warnings for Woody Transitions – Arthur County Area
2020



National Rangeland Statistics Great Plains Facts

 No -county has restored lost yield 
after woody encroachment increases

significantly

 No county has prevented woody 
encroachment from increasing



Ecological Transformations Require Bold Actions

Hugh Hammond Bennett 
helped establish Conservation 
Districts and SCS/NRCS in the 
1930’s due to extensive soil 
erosion in the Great Plains

The collapse of our grassland 
biome in the Great Plains is 
of comparable significance.

Slide from Jeff Nichols, NE NRCS State Range Specialist



A Better 
Science Strategy 
is Now Available
>20K Copies Distributed

Stages Description Management
Woodland Transition Woody plant dominance Heavy machinery- Mechanical 

removal, fire

Expansion Scattered producing trees Hands tools, heavy machinery –
mechanical removal, fire

Dispersal & 
Recruitment

Intact with seedlings and 
incoming seed

Fire, hand cutting, haying, 
mechanical removal, browsers

Intact Grassland Treeless with no sound Avoid introducing seed

Twidwell et al. 2022



Reducing risk and vulnerability requires integrated 
management across multiple encroachment stages



What happens if we do not manage seed contaminated acres?
Traditional Approach on 3,000 acres

Encroachment 
stage

Description % of site

Intact
Treeless with no 

seed
10%

Dispersal & 
Recruitment

Intact with 
seedlings or 

incoming seed
20%

Encroachment Scattered, seed 
producing trees

70%

State Transition Woody plant 
dominance

0%
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Encroachment 
stage

Description % of site

Intact
Treeless with no 

seed
0%

Dispersal & 
Recruitment

Intact with 
seedlings or 

incoming seed
0%

Encroachment Scattered, seed 
producing trees

100%

State Transition Woody plant 
dominance

0%



Encroachment 
stage

Description % of site

Intact
Treeless with no 

seed
10%

Dispersal & 
Recruitment

Intact with 
seedlings or 

incoming seed
20%

Encroachment Scattered, seed 
producing trees

70%

State Transition Woody plant 
dominance

0%

Seed dispersal drives 
risk and vulnerability

Reducing risk and vulnerability requires integrated 
management across multiple encroachment stages



Defend the Core

Encroachment 
stage

Description % of site

Intact
Treeless with no 

seed
10%

Dispersal & 
Recruitment

Intact with 
seedlings or 

incoming seed
20%

Encroachment Scattered, seed 
producing trees

70%

State Transition Woody plant 
dominance

0%



Defend the Core  Grow the Core



Defend the Core  Grow the Core

Encroachment 
stage

Description % of site

Intact
Treeless with no 

seed
100%

Dispersal & 
Recruitment

Intact with 
seedlings or 

incoming seed
0%

Encroachment Scattered, seed 
producing trees

0%

State Transition Woody plant 
dominance

0%





Identifying Cores and Building Resilience in the Great Plains

1. Identify the existing
transition between grass-
tree regional states

2. Locate intact areas to
anchor conservation efforts
(intact grasslands <5% cover)

3. Refine core areas with field
inventories and local
knowledge to identify incipient
invasion within the core that is
undetectable by technology

4. Overlay data and
knowledge on wildlife
priorities

5. Identify landowner
networks with the
cultural will to act

6. Co-produce scenarios
for customized solutions

7. Track outcomes, adapt 
over time, and grow the 
core with success stories



NRCS Released their First Biome-Scale Framework 
for Conservation Action in America’s Grasslands



NRCS State Leadership Responded Overnight to Insights from New Technology



Great Plains Grassland Initiatives
• State-based implementation of new national

guidance for grassland conservation

• Focus is on addressing drivers of large-scale
grassland loss





1st ever national policy in ag 
industry (2022)





A New Mantra has Emerged:
Defend the Core  Grow the Core  Mitigate Impacts



Field Training 
Handbook

[In Development]





A Network of Regional Models of 
Success on Private Lands
Case Study 1:
The Loess Canyons Experimental Landscape



Loess Canyons 
Experimental Landscape

Loess Canyons PBAs land ownership







Thank You!

Additional links:
Reducing Woody Encroachment in Rangelands: A Guide for Risk and Vulnerability 
Working Lands for Wildlife’s Great Plains Grassland Biome Framework
Rangeland Analysis Platform
Eastern redcedar science literacy website
Loess Canyons Science Report
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