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A fuel treatment is intended 
to manipulate or reduce 
fuels to modify fire behavior 
and mitigate potential 
negative impacts of wildfire. 

Vegetation is modified to 
reduce the amount, 
volatility, or structure of 
fuels, resulting in a decrease 
in wildfire intensity and/or 
rate of spread.

Fuel treatments in sagebrush ecosystems



Figure adapted from: Shinneman, D. J. 2020. North American 
Sagebrush Steppe and Shrubland. Pages 505–515 in M. I. 
Goldstein and D. A. DellaSala, editors. Encyclopedia of the 
World’s Biomes. Elsevier.
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Altered Fire Regimes:  Invasive grass-fire cycle



Cheatgrass dominated areas 

• more likely to burn (multiple times)
• have shorter fire return intervals
• support larger fires 

e.g., Balch et al. 2013, Brooks et al. 2015, 
Bradley et al. 2018

From: Crist, et al. 2023. Trends, Impacts, and Cost of 
Catastrophic and Frequent Wildfires in the Sagebrush Biome. 
Rangeland Ecology & Management 89:3–19.

Altered Fire Regimes



Very large fire weeks 2041-2070 compared to 1971-2010   https://www.climate.gov/media/6401

Barbero, R.; Abatzoglou, J.T.; Larkin, N.K.; Kolden, C.A.; Stocks, B. 2015. Climate change presents increased potential for very large 
fires in the contiguous United States. International Journal of Wildland Fire.
 

Future Fire 

Regimes under 

climate change

https://www.climate.gov/media/6401


17,700 km (~11,000 miles)

Future fire-fuel-climate feedbacks

How might changing fuels affect 
future fire regimes under more 
extreme climate?  

Pausas and Keeley. 2021. Frontiers in Ecology and the 
Environment 19:387–395. 

• Complex, long-term future interactions 
between climate, fire, and vegetation 

• Positive feedback loops
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EDDMapS. 2021. Early Detection & Distribution Mapping System. The University of Georgia - Center for Invasive Species and Ecosystem Health. 
Available online at http://www.eddmaps.org/; last accessed November 28, 2021.

Future climate will 
affect the 

distribution and 
productivity of 

exotic species that 
alter fuel 

conditions and fire 
regimes
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Projected changes in mean annual precipitation and 

mean annual temperature for 2070–2100 over the 

distribution of big sagebrush ecosystems.  Maps show 

median climate value from a set of 11 climate models 
(Adapted from: Chambers et al. 2017. USFS RMRS-GTR-360)
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Uncertainty under future 
climate change

https://climate-impact-explorer.climateanalytics.org/methodology/#three-visualization



BLM. 2020. Programmatic EIS for 
Fuel Breaks in the Great Basin

~17,000 km of fuel breaks 
planned for Great Basin region 



Mowed

Brown Strips

Green Strips

Three main types of linear fuel breaks

Photos: BLM, USGS
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1. Changes within fuel breaks
2. Edge effects
3. Species movements

4. Habitat fragmentation
5. Benefits to intact 

sagebrush

Figure adapted from: Shinneman, et al. 2019. The ecological uncertainty of wildfire fuel breaks: 
examples from the sagebrush steppe. Frontiers in Ecology and the Environment 17:279–288.

Fuel Break Effects



Challenges of fuels management 

given uncertainties in climate / 

environmental response

Where are the best places to put fuel treatments? 

How sustainable will they be over time? 

Will they be effective under more extreme fire 

conditions?

What are their benefits and risks?

Photos: BLM



https://rangelands.app/

https://iftdss.firenet.gov/

Dahal et al. 2024. USGS data release, 
https://doi.org/10.5066/P1Y5TZBM.

Early Estimates of Exotic Annual Grass 
(EAG) in the Sagebrush Biome, USA

https://www.usgs.gov/apps/land-treatment-
exploration-tool/

Resources and tools for planning fuel treatments



Resources and tools - Wildland Fire Trends Tool (WFTT)

Jeffries, M., D. Shinneman, 
J. Welty, and D. Pilliod. 
2021. Wildland Fire Trends 
Tool: A data visualization 
and analysis tool to meet 
land management needs 
and facilitate scientific 
inquiry. 
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https://geonarrative.usgs.
gov/wftt/
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R. Crist, C. L. Aldridge, J. A. Heinrichs, and M. A. Ricca. 2023. 
A retrospective assessment of fuel break effectiveness for 
containing rangeland wildfires in the sagebrush biome. 
Journal of Environmental Management 341:117903.

Roche, M.; Saher, D.J.; Buchholtz, E.; Crist, M.; 
Shinneman, D.; Aldridge, C.; Brussee, B.; Coates, P.; 
Weise, C.; Heinrichs, J. (In review). Ecological trade-offs 
associated with fuel breaks in the sagebrush ecosystem. 
Fire Ecology. 

Buchholtz, E. K., J. Kreitler, D. J. Shinneman, M. Crist, and J. 
Heinrichs. 2023. Assessing large landscape patterns of 
potential fire connectivity using circuit methods. Landscape 
Ecology 38:1663–1676.

Fuel break effects and effectiveness – spatial analysis 

Retrospective assessments of  success Impacts on wildlife habitat Relationship to fire connectivity



Fuel Break planning: Optimization of network design

FSim burn probability map 

way to select lower performing fuel break segments that join higher performing fuel break segments.]  

 

 

Total fire area “avoided” summed for each fuel break 
segment (Shinneman, et al. in prep.) 

DRAFT

Preliminary Information-Subject to Revision. Not for Citation or Distribution

Input for ForSys 
Scenario 
planning model 
for multi-
objective fuel 
management 
planning



Determining treatment success at reducing 
fuels and impacting fire behavior

Assessing adequacy of retreatment 
frequency

Detecting increase in fire-prone exotics

Identifying changes in wildlife use

Climate change and fuel treatment monitoring

BLM

Adaptive Management 

BLM



Adapted from: Shinneman, D. J., S. K. McIlroy, and M.-A. de 
Graaff. 2021. Disentangling the effects of multiple fires on 
spatially interspersed sagebrush (Artemisia spp.) 
communities. Journal of Vegetation Science 32:e12937.

Monitoring fuel break treatment effects
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Monitoring Fuel Breaks – Effects on species abundance

• Interactions between number of times 
burned and treatment - beneficial 
reduction exotic annual grasses (EAG) in 
fuel breaks

• Increase in exotic annual grass cover near 
the outer fuel break edges

• Increasing density of resprouting shrubs in 
fuel breaks

Shinneman et al. in prep. 

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The 

information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government may be held liable 

for any damages resulting from the authorized or unauthorized use of the information.



• Factors influencing fire behavior
• Year since treatment X treatment type 

(Ellsworth et al. 2022) 

• Fire weather conditions X EAG or sagebrush cover

(Price and Germino 2023)

• Risks of treatment (trade-offs)
• Increased herbaceous surface fuels following 

treatments increased rate of surface fire spread & 
flame length (Williams et al. 2023)

Monitoring Fuel Breaks – effects on fire behavior



Schurmann et al. 2022. BioScience, 72: 16–29. 
https://doi.org/10.1093/biosci/biab067

Chambers, et al. 2017. Gen. Tech. Rep. RMRS-GTR-
360. Fort Collins, CO: USDA Forest Service

Doherty et al. 2022. A sagebrush conservation design 
to proactively restore America’s sagebrush biome: U.S. 
Geological Survey Open-File Report 2022–1081, 
https://doi.org/ 10.3133/ ofr20221081.

Considering fuel treatments within the RAD Framework

https://doi.org/10.1093/biosci/biab067
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